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p. 148, IL-3, 3 from below—exchange the words former and latter. 
p- 156, L 28—for plants read planets, 

7. 157, 1 £5—for 73-89 rend 80-90. 

table, 3rd column (Ptolemy), 1. 1—for ॐ read 6‏ ,168 بر 

L 34—for Ward read Warren.‏ ,173 بر 

7. 176, L 20—for 84-89 read 31 - 

p- 183, L41—for 609.556 read 5059.64, 

p. 191, 1. 22—for day-ine read carth-sine, 

p. 264, 1. 4—for sings read signs, 

p. 267, 1. 20—for longitude of read of longitude, 

له رهد 18—for aeSarfoh read‏ 1 ;384 .م 

15—for fourteenth read thirteenth,‏ .1 ,335 بر 

p. 427, 1. ؟‎ from below—for 1902nd read 19110. 

ए. 607, L 1i—for 5558157 read 1217, 

p. 918, 1 $1—for 32,84 . . .. Varidhard ميان 1و‎ 
References made in the notes on the earlier chapters of the Sdrya-Siddhinta to 


the latter portion of chapter xii are in several instances wrong by one verse, owing 
to an error of the manuscript consulted. 
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et iIiatravit Henrieus Albertus Schultons, Lagdunt [म 1178. 2 3 

The Sew Testament in Arabic. London: 189). So, 

Tod da la Langue des uisea et de la Langue Taitienne, précddé d'nne 

Introd sor l'histoire et la le de PArchipel des Marquises, pur J. 
Ch. Ed. Buschmann, ete. (क vocubulalre inédit de la langue Tai- 
tienne par le Baron Guillaume de Humboldt, ` Berlin: 1842, 

Lettres > ML le Duc de Blacas df! Aulps, ete, relatives nu Musée Royal MA peat 
Turin; par 31 Chatnpollion le J ere Lettre. —Monumenta ropa bog 
[Aree woe Notice Chronologix 0; ها مل‎ xviiie Dynastie Eqyptienns de M 

M.Champotlion हद] Lettre. —Sulte des Monuments Historiques; 
suite de la Notices Chronolagique, ete. Paris: 184-06. धाः 

0. juxta vernocull متامدة متلا‎ usum. 4 ललन 
so न - Operd et studio Frincisci de Dombay, 
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Aussiige hen Sebriftst betreffend die Geschichte und 

Geogrphie der sidlichen Kistenbiinder des ace Soe nebet einer kur- 

1110119 Chane von अददा, . Ara Persische, und Turkische 

Texte, Herausgegeben von B. Dorn, St Petersburg: 1658. 8१०. pp. 47, 626. 
From the Superintendent of the Coast Survey 

Report of the Superintendent of the Coast Survey, weer 1857. Washington 


| L, W. Tuppon, Keg, af Boston. 
A Javanese manuscript, on four strips of palm-leaf. 
From Nicholas Tridmer, Erng,, of London. 






The Literature of American ~ Hermann E. Ludewig. 
With additions and corrections by Prof Wm, W. Turner, Edited by Nicholas 
Tribner, London: 1554. Sve, 


From Prof. 8. H. Turner, DD, of New York. 


4 the Romana, to the Galatians, to the Ephesians, and to the He- 
Greek and English. With an Analysle and Exegetical Commentary, 
by Samuel H. Turner, D.D. 4-vola, New York: 1855-56, vo. 3४५५ 
Thoughts on the Origin, Charncter, and Interpretation of Seript Tn 
Geven Discourses ...د‎ With Notes By Samuel كا‎ Tumer, DD, ete. New 
York: 1856, 12mo, 


From the Juperial-Royal Geographical Society of Vienna, 
Mittheilungen der Kalserlich-kiniglichen phischen Gesellschaft. Jahrginge 
بأ‎ ii, Hi. 1, 2 Wien: 1857-59 Sve. 

ऋ From Rev, Edward Webb, of Dindigul. 
The Tamil Quarterly Repository. Vols. i-iv. Madras 1854-57. ` roy. Bro. 
From Prof. Albrecht Weber, of Seriin. 
Ueber das र्त lcuméra-Caritam, die Fahrten der zehn Prinzen vou A, Weber 
(pp the Monatsberichte d, Kin, Ak. بل‎ Wiss. su” Berlin, 1859] vo, 
Ueber cin Indisches Wirfel Orakel, von A. Weber. | pp. 158-180 of do.) 
Zwei Vediache Texte liber Omina und Portenta. Von A. eber, [pp 313-413 
of the Abhandlungen تل‎ Kon, Ak. .ل‎ Whee. xu Berlin, 5 1 
Die Vajrasici des Agvaghosta Von A. Weber. [p. 205-204 of do, 1850) 4to. 
From Dr. 8. W. Williams, of Canton. 
A Tonic Dictionary of the Chinese Language, in the Canton Dialect. By Samuel 
Wells Williams. Canton: 1856, 8178: pp. xxxvi, 832 
| From 1 1 01. 


The Li of the Seat of War in the East With a Survey of the Three 
Families of Language, Semi Arion, and Toranian, Bw Max Miller, ete. 


aoa Edition, with an Appendix ou the Missicnary Alphabet, and an Ethaolog- 
sae नन] London; 1855, 8, 
=, sss . » Historical Esasy, By Thomas Wright, ete. Lon 
I 


The Book of Jonah in four Semitic Versions, viz, Chaldee, Syrinc, ihiopic, and 
Arabic. Fionn arene te Glossaries, by W. Wright. London: 1857. 890. 

Distionsry neflish ond Turkish Languages, By J, Sauverweln.‏ وم 
London; 1858. 18m,‏ 


Williams and Norgate’s Foreign Catalogurs. Londen, हकत, 
bern A Review of M Stanislas Julien's ^ Vorages 


dis Pilerins Bouddhistes” By Max Miller, ete. ~~ =, Together with 9 Letter on 


the original meaning of * Nirvana, London: 1257. 870: pp. 





From Profewors Roth and Whitney, 
Atharva:Veds-Sanhita, herawwegeben yon BR. Roth and प्र. 0. Whitney. Zweite 
Abtheilung [das 20ste Boch des Textes enthaltend). Berlin: 1858. §vo 
From the Royal Asiatic Society of Great Britain and Ireland. 
Journal of the Royal Asintic Society of Great Britain and Ireland, xvi. 2; xvii. 1. 
London: 1856-59. 8१5 
From the Royal Society of Northern Antigquerics, 
Sur la Constructinn des Salles dites des Géants, par 3. M. le Rot Frédérie Vide | 


sen erg ee 1544. 8ro. pp 19 
Cabinet "ل‎ A fricaines A (णी Rapport Ethnographique par 
¢. ©. Rafn. Copenhague: 1458. 8vo. pp 
Various papers concerning the Koyal Society of Northern Antiquaries. 


From Prof. ©. &. Salisbury, of Neo Haven, 
Journal de Constantinople. Now. 759,760, 762,768. 1856. fol. 
From Prof. ,له‎ Silliman, Jr. of New Haven, 


of Mark, in Zulu. Emkungunhlova: 1856, 16०, pp. 59, 
1 ic, in Zulu. Etekwini: 1850. 18mo भ 
The एव्र, نا‎ Zulu. Port Natal: 1850, 8 
The Epistle to the Romans, in Zolu, Port Natal: 1884. 16mo. pp, 54. 
Acts of the Apostles, in Zulu. Emsunduzi; 1859, 5४०. pp. 76. 
A نادت‎ Primer. sunduzi: 1869. 879. pp. 8. 





The Three Epistles of the Apostle John, translated into Delaware Indian, by 0, ए. 
a عاد‎ and Delaware, on opposite pages] New York: 10: 
From the Smithsonian Jnatitution, 


Smithsonian Contributions to Knowledge, Vols, vili-x. Washington: 1856-58. 4to 
Reports of the Smithsonian Institution, for 1856; for 1866; for 1867 Washing 
1856-58. Byo. 
From Prof. J. A. Spencer, DD, of Now York, 
Egypt and the Holy Land J, A. Spencer, D.D., ete. Fourth 
New York 1804. ° 1 PY 
From Rev. DD. 1: Stoddard, of Orihmiah, 


“Green Pastures for the Lord's Flock: translated from the English into the 
Modern 8 ar. 410, 


A Full Arithmetic, in Modern Syrine. sm. 4to, 

Fe ee तिक from the English into the Modern 

“Scripture Facts.” = = = = translated into Modern Syriac. 12mo. 

Baxter's Saints’ Rest, translated into Modern Svriac, 1 जा, 

Threefold Cord ;" . =» translated from English into Modern Syriac. 16m. 

From the Imperial Academy of Sciences of St. Petersburg 

Bulletin de ها‎ Classe Historico-Philologiqne de V'Académie Impériale des Sciences 

+ Pier Tomes ix-xv. eg م الإو‎ 1852-55. 4to. 

moires de l'Académie "140 des Sciences de 91. लतकः  Sixidme 
ier न्यः بمعاماما‎ Philologie. Tomes vill, ix 81. - शि 


: ९ ^< y Ben Schems-Eddin's Chan eschichtewerk, oder Geschichte von Gilin 
den Jahren 836 (=1475) bh १ ॥==1814}. Persiecher Text. ब 





von 8 Der, Si 


bya, 
'Abdu'l-Pattth Fameny's Geschichte von Gilin 3 | 


1858. 87०. ereburg : 


: Additions ta the Library and Cabinet, 001 
From the Philolegical Society of London 
ا‎ Vols. i-vi, London 1 
= Traneactlona of the Philological ~ 1884 1855, 1654. London, + 
From Dr. Chartes Pickering, of Boston. 
The ० Distribution of Animals and Plante, Dy Charles Pickering, ete. 


Boston and London: 1854. fall 
From Prof, A. F. Pott, of Halle. 


१ م‎ a5 ८ لاش ل عند‎ rig ae: سيت‎ ete. هك‎ 
éweite Auflage itung,  Erster Theil, jposilionen. 
Lemgo und Detmold: 1859. 57४. pp. xxvi, 850, + 


From Ridhdbdata Deva Bahddur, of Catewtta, 
Qubdakalpadromaparicichtak, An appendix to the Cabdakalpadroma, or Sanskrit 
Encyclopedia, of Hidhikinta Deva. Calcutta: 1179 ] من‎ 0. 1856], 4to, pp. 1996. 
From Rijendraldla Mitra, of Caleutia, 


Vividhirths-Sangraha =, =, 2 Bengali monthly magazine, published in nombere of 
24 pages, Vole 1, iii, Caleutta: 1551-62. 416. 
Bibliotheca Indien. No. 18. (न स्त . . . . translated .... by Ba 


jendralal Mittra. tin: 1554, Brn, 

do, Now 47,48, 50, Chaitanya or the Incarnation of Chaitanya, 
a ती, in ten acta, by Ka = stad ८ 
the Prikrita passages Uy Ps Viewnsidtha Stastrk Edited by’ Rijendraldl 





Mittra. Caleuita: 1553 

do. Nos 51, 79, 143-8, The Lalita-Vistarn, or Memoirs of the Life and Doe- 
trines of S‘dkya Sitha Edited by Ruijendralil Fasciculi 1-5, Calcutta 

= 1663-58, 810+ 

do, Mos. 125. 120. The Taittiriya Brihmana of the Black Yajur Veda, with 


the Commentary of Siyandcharya, edited by Rijendralal Mittra, ete, Fasciculi 
1,2. Calcutta: 1855, 87 
From M, Reinaud, of Paris. 
et Personelle, soulevér an sein مل‎ TInetitnt, an sujet des der- 


nidres d&soovertes cur la phie et [Histoire de l'inde, avec lea explications 
de M. Reinnud, ete. तच édition, revue et augmentie d'une deuxidma 


partic. Paris: 1659. 810, pp. 56. 
From M, Ernest Renan, of Paris. 

Noorelles Considérations sur le Caractére Général dea Peuples Sémitiques, ef en 
ee en a Ernest Renan [Extrait 
Journal Asintique] Paria: 1859, ६४५, 

From Rev. Elias Riggs, D.D., of Constantinople, 

Outline of a Grammar of the Torkish Language, aa written in the Armenian Char- 

acter. By Elins Riggs ete. Constantinople: 1856. 1 इका. pp. iv, 56 
of Matthew, in the Kirdish عد عن سيك‎ Armenian Character. (* Translated 


by a native Pelee of the Assyrian Mission of the A.B. 0 FM. and the first 
printed faras Tem oware—E RE“) Constantinople: 1686. 


From Prof. £. iidiger, of Halie. 
Gultelmi Gesenii Thesaurus .... Veteris Testament]. Tom! Tertil Fascteolos No 
vissimus .... edict Roediger, etc. Lipsim: 1888. 468, = 
From Dr. क £0. Roehrig, af Philadelphia, 
De Turcorum Lingnm Indole sc Natora scripait F.L. 0. Roehriy. Philadelphia 
1859. 8v¥o. pp. 39 
VOL. ¥I ri 
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Chinere and Foreign Gazette. 0111554-55, Vol. ii, 1985-56: ود‎ 87०. 

The Ninth Annual Report of the Chinese Hospital at Shanghae, lst to 
Dec. 2191. 1865, By the Commi Shanghae: 1858. yo. PP 

Notices of Chinese by Rev, J. वातान, 8०. pp. 77 

From Ree, W. A. Macy, of Shanghai, 

The Gospel of Matthew, in Manchu and Chinese, Shanghai: 1858. roy. 87०. size. 

xylographed. : 
Prom Messrs, Maisonneuve نك‎ Cie, of Paria, 
Recherches sor 'Ecriture des diffirents Peuples anciens et modermes: ourrage 


fermant une grande collection d' alphabets et de nombreux d'écritures 
ts én or et en couleur, par ब, Léon de Rosny. Livraisons 1-4. Paris 


reprodai 
1857. 419. 
+ From Hon. 0. P. Marsh, of Burfington, Fi, 
On the Rosheniah Sect, and its Hounder, Bayexid Ansiri By J, Leyden, M.D, 


dio, pp. 66. 
From Rew. J. A. Merrick, of Paria, Ky, 


Three Tracts, in the Assiniboine Chi Language, to wit :- 
The Young Montreal: 1848. 12105. pp. १4. 
On the Holy with a Hymn to Christ, [New York: 1852.] 12mo, 
18. 
The Créed—The एषणा च+ Prayer (London: 1853] 12mo. 


5 
يي‎ ters silver and two copper, not yet identified one copper cash. 


From J. Muir, fay, of Edinturg 


Original caikrit Texts on the Origin and Progress of the Rel an and Institutions 

India; collected, translated 6 "00 By 

4 Part First, The My and Legendary Caste. Lon- 
1855. 85 


From Prof. 1. F. Newnann, of Munich, 
Geschichte des Englischen Reichs in Asion, Vou Karl Friedrich Neumann, Leip- 
rig: 1857 2 vols, Bro, a 35 
Das seine Stellung estistlichen eltbhewegung. Von 
Kart Friotit Noonan [Miinchen: 1857.] 12mo, 

From the Nerth-China Branch of the Royal Asiatic Bociety. 

Journal of the North-China Branch of the Royal Asiatic Society, Vol i, Nos, 1, 2. 
Shanghai: 1858-59. 8१6. ~< 4 

From the Oriental Society of France. 


Reroo de VOrient Bulletin de la Société Orieotale de France. 1 قتدة‎ snide. 
Nrow {न Faris: 1658. 8कत 535 


From Prof. Jowph Packard, 230: of Fairfaz Co, Va. 


The of Matthew, 
ae ها‎ Shanghai Colloguial, Chinese character Shanghai, 


Shanghal 8१० size xylographed., 
Uoquial, romanized with maps. Shanghal yo 
From Mr. A. آل‎ Palmer 


iustrating the Origin of the Mission to Ja authorized by 
Government of the United States, Mu 10th, 1651 .... Aaron Haight 
Palmer, Washington: 1867. Bro, pp. 22. 4 id 
. From Rew. J. Perkins, DD. of Orimiah. 
The Old Testament in Modern Syrine, with References. dito, pp. 1004, 
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From Mra. H.R. Hoisington, of Centre Brook, Conn, 
aren عام‎ and Diagrams by, the Inte Rev, H. BR. Toisington 
trological Met 1840, Aug, B—1841, F 
Astrological Journal with Tables. ug. 27 De. ree. 5 प 
Translation bg and l, of part of the Skuoda-Puripa, being an account of 
ma 

Diagrams representing the Puraniec view of the earth and of the onlverse; from 
cess see peg 

ed Kimadhen, the cow of plenty, explanations 
igure of the so-called impression ~ Pes; Coylon wich 


plan of the temple.‏ ه 
From Prof, 0 A. Holmbese, of Christiania.‏ 
Christianis‏ مل Traces de Boddhisme en Norvéve avant Introduction‏ 
A. Holmboe, etc. “Paria: 18661. 895. pp. 16.‏ 
of Florence,‏ .تمل From J.J. Jorves,‏ 
ل ل Art-Hints, Architect and‏ 
BAT: (विण Painting, By James Jackson Jarves, ete,‏ 
A Japanese book and map‏ 
। From the Chey. ¥. Khanikogf.‏ 
Extrait dune Lettre de Mons. 2]. Khanykof a M. Dorn, datée do Nihmetabad‏ 
न, 1855,‏ 
Doc, 1855.‏ عقر do. do. १०६६९ de Tébriz, le‏ 
do, do, datée de Nibmetabad, lo fy Sept. 1856,‏ 
Avril, 1987‏ جك da, do. 09168 de Tébriz, le‏ 
Imperial Academy of 5t. Pe-‏ 0 
On a certain Arabic Inscription at Derbend [in प्रवक्ष्य], 8१०. pp. 10, and 2‏ 
plates. [२ copies]‏ 
of Boston,‏ ب للك From fee, 2. WN. Kirk,‏ 
Moise de Khorine .... Histoire प Arménie. Texte Arménien et Traduction Fran-‏ 
caise, Par M. P. 1 Le Vaillant de Florival, ete Paris: 8.3. + vols, 976.‏ 
From. ir Adaliert Kuhn, of Berlin.‏ 


Zeitechrift fir Vergleichende Sprachforschung, auf dem Gebiete des Deutschen, 
Griechischen Lateinischen, herausgegeben Dr. Adalbert Enhn, ete. 
Balicligs par Vercioicheaden ती deen Ceblete. de 
i sur Ve ॥ ebiete Ariechen, (ला 
und Slawischen Sprachen ben vou A. Kuhn und A. Schleicher. 
١ 1-14 1,2. Berlin: 1656-59. fro. 


Fram. Prof. Christian Lassen, of Bonn, 
Indische Alterthomakunde Band fii Leipsig: 1857-58. हकत. 
From L.A. Huguet-Latour, Eg. of Montreal, 
Various pamphlets and Journals, concerning education and agriculture in Canada. 


A of the 
Dictionary nt Lanes? prepared by ० Committee of the Lodians 


From Dr. D, J. Margowan, of Shanghai. 
Shanghai Almanac and Miscellany, for the years 1952-55. Shanghai: 1851-54. 





598 American Oriental Society? 


Acts of the Apostles, translated hy the American Missionaries into the Zula Lan- 
guage. Empundusi: ४ . 67० [ग 78. |, 
A Grammar of the Zulu Lar (1/8 roduction, 
also with an Appendiz, By Rev, Lewis Natal; 1859. Byo, 
Prom Prof. 88. Haldeman, of Columbia, Pa. 
Haldeman, ete. Philadelphia: 1851 12mo. pp. १0. ` .. 
Investigation of the Power of.the Greek Zz : مد موه جاه السو سر سيوج‎ 
Chinese and the Indo- Repert on the 


Relation bet Languages— 
Present State of our Knowledge of Linguistic Ethnology—by 8. S. Haldeman, 
Cleveland and Albany; 1856-57. 6१०, pp, 


From Fire, EE. Hale, of Boston, ١ 
The Quarterly Journal of the American Unitarian Association. Vol, x, Bos, 3, 3. 
Boston 





From 17 EL Hall, Ee, of India. 
Mokhtosar ol-Ma'in, a rhetorical by Ben + called Ba’ad al-Tafta- 
दता, Calcut hak 11 8]. 4to, । 
Nar al-Anwar fi Sharh al-Mindr, a work on dence, by Shaikh Ahmad, called 


Shaikh Juydn Ben Aba Sa‘ld, ete. Delhi: A. HL ese Tk D. 1818]. 4५४, 
rabidin १ A. H.1249 ]4 2. 1833), fol Per. 
Makhzon al-Adwiyah, by Muhammad Husain एषा 2 vols. 46 जगल पत 


कि oga Philosophy, by N.C. Paul, etc. याण 1881. 8१०. pp. 
7 


Collectio Daviclis, i. o, Catalogue celeberrimm Mins bibliotheem Hebram quam... 
collygit H. Davides Oppenheimerna =, „^ Hebrmos ex omni fere literarum 
ray bun editos quam manu exaratos continens. Hamburgi: 1924, 1६०, pp, 
xvi, T44 | ie 

See seas, bearing Sanskrit inscriptions, from Central India (see above, pp. 499- 

7}. 
From the Fomily of the late Baron Hammer-Purgitall, of Vienna, 


Literatur-Geschichte der Araber .... von Hammer-Purgstall, ll. Zweite Abtheilung, 
र्यः Hand. Wien: 184d, 4to, कः 


rom B. 21: Hodgwon, Evg., of 7 England 


| On the Aborigines of India. पू the First; on the Kocch, Béd6, and Dhimél 


Tribes, in Parts... لد سنت‎ Calcutta: 1841. Sva, 
ل‎ freak seen the aboriginal inal tribes of 10१19 by Hodgson, 
क from ؟‎ volames of the Journal of the Royal Asiatic Society of 


Remarks on the Recent Travels of Dr: Barth in Cent किण عه‎ Soudan 
Esper read before the Ethnological Society of New Yock, oe 1858, by Wiliam 


From Ree. 0. © Hofman, of West A frica, 
The Acts of the Apbetios, slated into the rebo Tongue: by the John 
1. New York: 1851. क्वा; pp. 99. | cathe: 
The Litany | Sup Confirmation Service [in Grebo], 
Cavalla, W. Afr.: 1558. 1 2076, ची 
The Gonel [6 ए.) ie pio ee 1855-59, to, 
Ma wlonaries of the A. B.C. P.M, Gaboon, Western 0108 New Yor थू 


we 


زح 


Lee Auteurs Hindoustanis et. leura Ouvrages,; par M. Garcin de Tasey, 4. Paria 


1855. (५. 
طم لطم‎ l'Inde, traduita par M. Garcin de Tassy, Paris: 1664, हकत. 


Sede 
Ps Podins क च> Sandi: [Analyse et Extraits par كة‎ Garcin de Tassy. 
etc. Pure: 1859. Sra. 
Discourse do M. Garcin de 1 T'Ouverture de son Cours d’ Hindowstanl,. . . le 5 
Mai, 1859. \Parie: 1859. Svo. pp. 20, 


. From the German Oriental Society 

Zeitechrift der Deutschen Morgeniiindischen Gesellechaft, x.4—xiv.2. Leipzig 

ध Band der Zeitech. च 1, MG. Leiprig: 1857. § 

١ Sher Eu. 1 te To, 

A bhanall नाकदा पनी 

~~ |. Mithra. Ein Beitrag zur My des Orients you Dr. Friedrich 
W ४ i. i 

70.5, Al-Kindl, genannt = der Philosoph der Araber.” Ein Vorbild seiner Zeit 


und seines Volkes. 1867 
No. 3. Dee feat Gathaa, odse’ افا‎ von Liedern cnd Sprichen Zarathus- 
tras, seiner Jiinger und Nachfolger 3 Obersetzt, ond erklirt von 


Dr. Martin Haug, ete. Erste Abtheilung ung (0114 ahu- 
wary bears 3855, 
No, 4. 0 Sige MeMnren. Ein Beitrag sur Geschichte der Jaina, 











8, प cn. ع الو د‎ dae ل‎ dee drel Syrachen Briel Os less ting 
+ : Ignatianischen tur, V Adel- 


bert Lipetus, 1859 
Indieche Studien herausgegeben von Albrecht Weber. iy, 1-3. Leipzig 
= 98. 8 
स ४8 icula, كلست‎ Baccotta 11 Teed ودار‎ See tera © متي‎ phia, 
la Storia, le Biografie e ها‎ Bibliografia della Sicilis, mesai insieme da Mich 
AmarL Lipsia: 1655. 59०. 
From Capt, James Glynn, U. 5. ४, of Wee Haven, 


‘The Urh-Ya, a Chinese Dictionary, profusely illustrated with cuts, In four Parts, 
large roy. Bvo size. 
xvii. 4. Canton: 1849. yo. 


From Rev. William Goodell, of Constantinople, 
The New Testament in the Turkish Language, Armenian character, -Conatanting- 
Fle: 1558. roy. Sve. 
From the Ducal Librdiry at Gotha, 
Die Persischen Handschriften der Herzvglichen Bibliothek ru Gotha Verzeichnet 
von Dr. Withelm Pertech, Wien: 1859. ६०. 
From Rev, Loeis Grout, of Umaunduti, 8. Africa. 


An English | 4 Tribes of 


the yot Natal, By James Perrin, ete. 1855. 18 तकत, 
Remarks on the pee eine ee of Polygamy, a9 found already existing 
a Heathe By Dr. J. भ Colenso, Bishop Natal, Pijeter- 






द Bro. pp. 27 
^ न अ 0 By an Ameritan Missionary, Pie- 


eben Natal, June 8, 1856. By Rev. Lewis Groot 
jetermaritaburg: 1856. 8vo, 

i نمم‎ delivered TF Durban and Pietermaritaburg, during the au- 
tumn of 1857. By Rev, Lewis Grout. Pietermariteburg: 1857. 5१०, pp, 48 
A Discourse, delivered:... ia. Durtan, Natal, 9) 1687. By the Rev. 

wia Grout, etc. - ¥O, 3 
थ 1 Vol, in, No, 13: Jan. Cape Town 8१. 





10 lon Mission; forthe year 1882, Jaffna: 1853. بوعة‎ 
copies मी eh it, Brief Skeich of the American Ceylon Mission, 
wih an Appendix. Jaffna: 1849, 85०, | 


rem the Royal (nireraity of Norway, af Christiania. 
Det Kongelige Norske Frederiks Universitets Aursberetning for 1854, for 1869 


Christiania; 1657, 12mo, 28, 
न न T Vou لط .0 عل‎ Aubert. कीन: 1856, 


1 de Morphologie Végétale, faites مما‎ Jardin mete 
Quelques Observations nt 
see) teins M. Norman, ete, et publides....<par HL प. ele. 


Christiania: 1857, 4to 39 
Observations sur les 229 त्‌ + ممم‎ en Norvége, reeueillies par ,ل‎ ©, Hirbye, 
ete, et publides par BM. Keilhan, ete. Christiania: 1857, 419. pp. vill, 56: 
Al-Mufaseal, Opus de Ro Grammaties Arabicum, auctore Abul Mahmid 
Tin ‘Omar Zomabs'ario, Ad fidem Codieum scriptorum edidit J, P. Broch, 
theologise candidatus.... Christianim: 1859. 8vo, 


From the Comuniasioner of Indian A faire, 


Information respecti History, १1.0.01 
the United States, 4 Oollected prepared, Schoolcraft, 
Part ١1+ Philadelphia: 1864. 4to. 
From the Commisioner of Patents. 


Report of the Commissioner of Patents for the Year 183% Arts and Manufae. 
tores, Vol, 1, eis १. 1856. 5 क. 
1 ear 1888 Vol, i-ii, “Washington 
657. 8१४, 
From Rev, 0. 121, A. Dall, of Calcutta. 
vidhiirtha-sangraha. [A Bengali periodical), iv. 48,45. Calentia: 1957. 4to, 
From Capt. 0. 7. Davis, U. 8 27 of Cambridge, 
Esai do Grammaire de la Langue des Tes Marquises par un de la Société 
missionaire aux [les Mirquises [Rend Derdillen, bishop 
paliro}, Valparaiso: 1857, 89०. 
Irom De, To 7 Devan, 

The Beginner's First Book in the Chinese Canton Voeabolary). ... | 
Thomas T. Devan, M D.] Hongkong: 1847, std 
From the Hon, East India Company. 

Rig-Veda-Sanhita, the ठ mins of the Brahmans; together with the Com- 

dited by Max Miller, M.A. ete. Vol. 1, Lon. 


Veda-Sanhité.... , from th Original 11 
ष ete. ata i it London’: 1854 11 सि निवन 


A Glossary of Judicial and Revenue Terms and of Usefal Words, oc in of: 


relating: administration of the government of Indian, 
ay} the Arabic, Persian, Hindustani Sanskrit...,. and other 


Horace Hayman Wilson, etc, ete, London 1855. 4५५. pp. xxiv, ३६. न to 


From Mr. R W. Exteraon, of Concord, Mass, 
= جب ا‎ lating of ine See ae snd لد‎ 35 
كك 2 ا‎ 1 adeption mong Princes 
Indian. By D. Urquhart Loca 1867. 896. pp 44. of 
From MP. 2. ककत, of Paris. 
Grammaire de la Langue Tibétaine. Par Ph. Ed. Foucaur, ete. Paris 1869. vo, 


(नप्र, philosophi 01 
Farid-uddin Attar perean par بك‎ ध dean १ 


[+ च 
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Prayers for the tite of लोन एणा with an कृषः on Family Religion and 
Table f Lessin for Fun Worship rox Walkin: 186: 800 Thnk 






Tle Book of Nutural Theology. the Rey. त. पि. Gallaudet Madras 
1846. 1०. Toail, 
क يي تي‎ “Peep of Day . . . . Madras: 1546, 2 vols. 18536 
4 
1 र Hise 7 1 Dr 
altered... ma: 1849. 1 .مد‎ English and Tamil, 


The नि Progress from this Werld to thst whieh ia to come By John Bun- 
The Dally Monitor: containing a te: ‘eral Habs 0 and of Sacred 
سكم م‎ tur: a text from Holy Scripture. ond a Terse 
erica Be riry for ९ 08 even nga the year. (0 1849 Smo, Jum. 
املاع سسا عمل‎ we ere: an Appendix of ينه‎ chap- 
t Scar, Rev. 0, J, Beschi, (ति fas 1605. Firewall, 
AP Compend of the Bible, In the form of a dinlogue between a Gooroo 
Disciple concerning God, the soul, and sin, Jaffna: 1852. 18mo, Thinil, 
Som य { Div unity the Tamil 


४ „ Ia nruagé. By the late Rey, 6. 
Light uf Truth. A Rejoinder to Abbe Dubois's Refutation of Heresy. By Rev. 









ourth Edition. Mad 1852. 12mo, 
AM sad رباص‎ 1 Bro, 3 
an o am Language... Jaffua: 1642. 50. 3 copies 
Aen ag 1 G Second Edition; with additions and 
pre (न) । 818, 19779. 
Abridgment of Tamil G Jaffna? 1848. 18mo. दाता. 
Ensy affna: 1940. | तात; نط2‎ 
Tamil Instructor. Nos, 1-5. 3 and Jaffna: 1647-61, 18mo. Timi, 
Negandu: Purt XI. अनः 1 ह Thin? 
The Clasical Header, or Selections from Standard Tamil Authors. नीतः 1547. 


Tamil Calendar: for the years 1835-1544, bound in one volume: for the years 

1645, (847, 1950-1955, separate, Jaffna: 1534-01 Bro, 
Star. Puablixsbed semi- -. devoted 19 Education, Science, 

and Literature, ete. .... Jaffna, Vola 1 fi, iv (of Vol. iv, 2 si es ل‎ 
1841-4. Volk. v—xill, xv. folio, 1815-58, 1855. Anglish and Tom 

Physieal Science: in the form of a Dinlogue. Fur the use of Schools,,.. Jaffna: 
‘ee lémo, ना 

A Catechism on the Elements of Geography, in three Parts, with an Atlas 

fede 1847. 18mo, Tirmil, باه مسح‎ व pr neta 

Oriental Astronomer: being a Cot em o प्र 

panied with 9 Translation, and Tg planatery Notes With an Ap. 
pendix. Jaffna: 1848. 896. Genpies. क्रू 

An Elementary Arithmetic, combini 17 0 of the European 
wt Guar ema, Jaffna: 1949. 1680, क्ण 

Tamil Geography for the च of Schools, Hindostan.... Third Edition, Jalfna 


Elements of Logic... By Williom Nevins. तत: 1850. 18mo. Turn. 
फ, Phyiiolng Hy fo cee नमपि; 1863, 12mo0, Tamil 
: 9 र el هل‎ Oarroll:... Jaffna: 1855. 12750. Tamil, 
11 











mil and 
Pour emall Tamil books, without title, Desi date, 
First English ond ‘Tamil, Designed Tamil youth in the study 
8 ऋ = छः Parts IL Jaffna 18541 


Phrane- Book Idioma oe, حو جعت‎ and Tamil. sek ie to امتهم‎ 
in the study of the lanpruage. affna 


يل 
Ten ith echool-books, ए for the use of Tamil scholars.‏ 
side ar of the Singhalese Language, translated’ into‏ 
English, with Introduction, Notes, and Appendices, by James De Alwis, ete.‏ 
Colombo: 1852, 899.‏ 


Voeabolary.of Language. Part L—English ond Yoruba. Part IL— 
Yoruba and English. To which are prefixed, the Grammatical Elements of the 
Yoruhe Language y Samuel Crowther, Native Teacher, ete. London: 1843. 
ma, 

An mai = Outline of the Elements of the Galla Language, by the Rev. J. 1 
Krapl Preceded by a few Remarks conce the Nation of the Gallas, and 
Pranceice) Mission क Be शिर Ieenberg, London: 1840 
mo. pp. mF, We । -, : 

posed by Charles Tutechek, published by‏ ب + "سلج Sel‏ مان سحيو 
Lawrence Tutechek. Purt ध erman, Munich: 1844. 6१0, 57‏ 

A Grammar of the Galla Language. by Charles Tutschek, edited by Lawrence 
Tutschek, M.D. Munich: 1845. Evo. 


By the Ceylon Mission of the A. BLO. FM. 
The Holy Bible translated .... under the auspices of the Brit, and For. Bible 
Socety. Madras: 1650 mp tro, Tamil, 


ठ 
New ersion), ow /, 1 1650. 18 तर, Tiwnil, 5 
1 0 = Manepy: 1839. 18mn, क. 
The Hook of Joshua,... Manepy: 1880. 1810. 2 copies, Tamil. 
The Book of Judges.,,. Jadfinn:.1840, 18mo, 3 copies, Jamil. 
The Firet | Bonk yess daffna: 1840. 18mo, Tamil, 
The First [and Second | Book of K .... भणण 1840. 1870. प्रत्य 
The १ प Nebemiah, Esther, and لطمل‎ . . , .. Jaffna: 1841. व 
The Pealins.... py: 1899, 1577०. 3 copies, Tamil, 
Ma book ct: Fates Digkt tilde as ee 
The ot Lak OD, عه‎ 1560, 13718, 2 co E 
lish and म) वि 
लाक of Solomon.... गि: 1850, 1 रता, श्र 
The Book of ,,طدنهسا‎ . . बि: 1841, 18m0. 8 तण तग 
The New Testament of our Lord and Saviour Jesus Christ, In the Tamil Lan- 
Madras: 1540, &vo, 
The same. Jafinn: 1643, fro 
The Gospel according to Matthew.,.. Jaffna: 1854, 18709. Theil, 
Barnes’ Notes on St. Matthew's Gospel... Madras 1645. 12m0. तत्न 
The Gospel of Mark.,., Jaffna: 1851. 18190. Tim 
Lake's Goepel.... Jaffnn: 1648, 12mo, अप्र 
The Gowpel according to St. Lake . Jaffna: 1649, 12m0. 8 copies, Anglish 


John's Gospel.... Jaffna: 1847. 12mo. Tamil, 
The Acts of the Apostles.... Jaffna: 1854. 1809. वर्ण 
Tecan the Apostles, Diglot Edition... Jaffna: 1851. 1९70. दपर मौ and 
Paul's Epistles to Timothy.—The किला Epistle of Jam —The Three Epistles 

of Jobn.... Jaffna: 1437, चतक, 3 copira, r 3 
A Com 11 + اتوي ود اعد‎ | ot ايه‎ 1639. 185, शश्र. 

om of + Jaifna: 1840. lomo, Timi 
sr pea مك‎ Little ४ his Bearer, By Mira Sherwood. Translated from 
+ صر‎ Veni Hoag fe عط اانه‎ Students of Thealagy 

४ On Fat 4 

वि 184. 180६. 7 4 = © كي‎ 


General Series. Noa-1-17, 4 1 ١: bound together in 
one णो Jalfna: 184-45. بيو‎ 00 १0, 41, 15-18; bound together in 
New Children's Series, Noa, 1-24 bound together in one volume, 1ه‎ andes 


A Brief Histoty of the Church af Christ, from the German of the Rev Barth 
ete. Translated from tho English, = Madras: 1845 limo, Tamil, ५५ 


क Ten tae Original, adapted for Public, Private, and Social. Wor- 


The same, in 24mo. 
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“Mancseri st 74 Copy Korin, written at Palembang, in Java,in 1854 few 

ee ‘a vow, by May Mayer ah, a retarned Pilgrim to Mecta. 654 pages, foli 

the first two nnd Inst two pages brilliantly Wuminated; the rest with €‏ به 

borders, and oon amented headings; Arabic binding. Very hand 

some, and in perfect order ;"enclosed in calico 

Arabs, (Idiorie parté en Alptrie) contenant: 1° tous les mote 
mation 












usités poor parler en < [लि ploriel 
( أ‎ eta :ع‎ par Ad. P nie A Wrage composé 4 Alger, et vérifid 
Be et plus mivants indigénes) Paris: 1620. 12mo, pp. xx 91! 
Bionari tatile delle Lingue Maltese, = 4 Vella. 
Parte [ Maltese-Italinn-Engl 


Maltese mar for the us of the by Fraiicis Vella. Leghorn : 


Narrative of a J 1. y,in South Afriesn, By Capt. Allen F 
Gardiner, RN. Undertaken’ in 1855, on: 1886," 8 0, 
Ueber die Ureprache, oder iber eine-Behauptungy Mosis, dass alle Sprachen der 





Welt von einer rare der noachiseben, aletammen; mit emigen Anhingen, 
Vou ,لآ‎ Gottheb Christian Kaiser, etc. Erlangen; 1840, 8१८, 
Thirty-six éoins, all from the mint of Alexandrina; viz. 15 of (तपतीति Goth- 


8 of Gallienus: 5 of Comelin Salonina, wife of Gallienus; 3 of Gordinnns 
2 of Severus Alexander; 1 of Philippos 11 lof Volerinnus; 1 of Trebouianus 
Gallus, 


From Rev. EC. Bridgman, D, D., af Shangh 
orth-China Herald, describing the visit of the American Embassy 
eis ig: lies -Book, in Chinese. 1705. 12mo, 





ma [From and Scientific Soy Sketches 
m Vol. 1 51 Journ, of N-China 





From the British and Forvign Bible Society. 


Catalogue of the य a و‎ Ey George 
Ballen, of the British London: 1887. 8¥o, اس‎ + 


From Prof. Hermann BrockAaus, of Leipzig, 
Die asian vt a sidestep rr aa na ty daa Somadern موسصغط‎ 
na, ete, ee ल ५१५ Bro, pp. x, 8१. 
De Lieder herausgegeben ؛ شم‎ oe 1-4 
| ` Fron J.P. Brown, Eag., of Constantinople, 
La Presse d'Orient newspaper]. Nos 285-245 April-May, 1857, 


From Rev. Ebeneser Burges, of Bonton. 
ولعافت اد‎ of Words in the Hawaiian Language [by Lorrin Andrews]. 





A (८ + Jo which are added Dislogues on Famil 
पणः Subjects. The Second Edition. By W. Carey, D.D, ete, Serampore: 1903. 


तपिनी [English and Can- 





११ (गत) 1721; ८न। Elements अकः the جمسسسط‎ Language, Ey tha Her. 
ames Frederick Schon, ete, London: 1843, 1 قد‎ 
VOL. Vi. 40 





An لداجي سوط مود د‎ ५ بد‎ prising a G Selections for 

Rending, atid ن‎ Vocabulary, By cer W. عوط‎ Culentta: 1855. Imo, 

1 onan a ck oe BO بجا عسو‎ 4 
an Lan ह, commonly en 15 ॥ Pace, oe ee 

pine in English. iy the English Missionaries of Mndras, Wepery, near 

1341075 ; 1779. 4to, (incomplete, interleaved, with MS. notes; much wormeaten.] 

The Acramodha-Parvan of the Mahibhirata, in Tamil, Madras: 1552. Svo. 

The. Kama-ndtaka, in Tamil, Madras: 1850, 8vo, 

Catalneue of Publications in Various Languages, on eale by the Caleutia School 
Ruck Society, 1856, [Calewtta; 1856. | 12mo. pp.10. (2 copies) 

A Dictionary of Words used in the Indies, with Full Explanations; ..o.To 
which be added Mohommedan Law ond Bemal Terme, With an Ap- 
pendix, containing Forms of Firmuuna, ete, ete. Gnd edition, Londun: 1804. 


1 
Journal of 8 Tour through Part of the Snowy Range نه‎ the Himmala Mountains, 
and to the Sources of the Rivers Jumnaand Ganges. By James Baillie Frazer, 
the Col eel ५ aum, with ع‎ Plan of the Village, ters, pri- 
of ॥ प्रता at 8 some 
vate and public, the Orders, معطا لصم‎ Dix from the Honorable Court 
of Directors, relating to the action om the Ist 1618. Madras: 1839 
Gr 
Jes af War it he Gee of India, Poblished by order 
of the Right Honorable the Goyernor General of India in Council, [Madras:] 
1548. 12m, ix, 64. 
WH tec to the High t an Sir J, say Fy eae pga naga of Control, on 
च Rage سمتلن‎ Arm Charles James Na etc. Fourth 
व Se 
© a: With Notes on and Society of Bom 
Elephanta, and Salsetie, By Henry Moses, M.D. Landon: 1860, 8vo, 57 


On the Scientific Principles of ture considered as a Bronch of Public Edu- 
cation in India, By سا‎ (Printed for private circulation in 1839( 
and now published. Caleutta: 1454, 8+ 

A Grammar of the Cingaless 1 ames Chater, (Interleaved, and 


(न Colombe: 18 16. 6ق‎ 1 
A School Dictionary, and Sinchabese Compile for the Ceylon Central 
School Commission, Colombo: 1645, 24mo, 2 
وماد‎ 0 Singhalese and English By the Rev. W. Hridgnell. Co- 
Second Report of the Female Boarding School iat Oedoorille; Jaffna: under the di- 
rection of the American Ceylon Mission, July, 184% (054. 5४०. pp. 27 
पा 
iret ri. शा] School at V Jaffna the direction 
ue wg here: Jaffna. Saha 1 Ld, 
port an licadcde Colombe, Ceylon; from its commen t, 705 
cetnber 1, 1844, to September 20, 1849 A. 0. Green, J. P., Governor of the 
Establichment. Colombe: 1850 éva, meh 54. 3 
The Leading Principles of English Granunar, translated into Persian, by Syud 
5-5 Husun Belzramee. [English und Persian.) Calcutta 3 a8. 


The Persian Reader's or Select Extracts from Various Persian Writers, 
aod Permian} Vol], 1835, Vol 10 1856, Caleutta, इका. [English 


School Dictionary, English and Pers इ. 16 
An are we : historical and regia Hy 
oe, af T news blished at Constanting tallan, Greek, 

than Torch df Papers, pu at plo. 1 G पष्ठ 

rammar of the Hebrew Tongue, being an Esen the Hebrew = 

inte English, to facilitate the पन tlon of all tae She are يد‎ ota 
धा eee ides of this Primitive चृ ६. نان‎ Stal ies, 

4 . in New Eigen, Compan and ta of Harvard) legs, 
. + pa posed and accurately correc 
Mouis, MA Duston, अ, 2: 1159, am. dite, pp. 96, a 4 





to the Library and Cabinet. 501 










ringed orn‏ ا eer af 1 sh mora‏ ل لو 


ile i de Bowen | 
ten van alle bestemd voor de Dienst in Nederlands Indlé; door De.J,J 
: den Handel, de ني عم‎ de lnkomende مع‎ ultgaande Regt 
77 van Tart, تك‎ @ en 
pe ists, deere Tae eat 1643 1841. Batavia 1944 1844, 
अ 09. taining tha सतक, Adjectives, Verbs, and Indeclingbl 
तः कषान, ea, Ver a 
न । oly outing in th ١ Language, arranged in gram 
matical order ; (plana: Bengalee and English. By William Yates. 
Caleutta: 1820. 8vo. 
पुन्न or sar as sep to ag ya Reh دوسي ممعي بد‎ 
Parta, etc. Bengili characters.| Calcutia: 152 pp G4. 
Principtes off لعز‎ Grammar. for the use of the Natives of India, By MW. 
ith a literal Translation into Sanecrit, by Madhusudana Tarka- 
| عي‎ ae sag oe Stnveit Langage, ५.५५ 
०५८ rammar rit Lang parily Roman. Charnec- 
ter, according tom New Theory, in refer to tha Classical 
pis pong Fh extracta in easy prose. Monier W AL A. etc. 
vo agrees te Monier Williams, ML A, ete. Poblished 
nder the ede East India Company. London: 1351. 


: constituting together a Bangili primer, 12 carda pp. 
The Bengalee and Eoglish Primer, for the use of School, Galeutta: 1833. 1&mo 


rammar of the English Language; for the use of the Natives of Denyal By 

५ LD. Ent and Bengal.” Caleuta: 18.40. Svo. 

५" ५ en Language. Her. छ, Yates, D. 0). waa 
911 








Vocabulary Vol. Containing 

and IL Selec-‏ ع 

aig ey ar om Bengal Li ० Calcutta eh اخلط‎ aos 5 

Baikyvibali, or Idjwmatical rcises, an | Dialognes on Vari- 
ous Subjects, 8 ties برش دري سقفي و‎ By the late Rev. 


Prareot. tn: 1650, 1 
ee 47441 tranlated from En- 
क 1 مغلم‎ 1775-6 (A.D, 1863-4), 155०. 
Dictionary [जाक ४, with English Detinitions and a Bengali 
4.1.111 from European and Native Authorities, by Addy. 
2 1854. er Bit Chere ١ ae 
Benga em eae, شح ما جد‎ onary, for the معن‎ of Schools, cutta: 1856, 16199. 
A Dictionary tint and English. By John Shakespear, ote. Second edition 
much enlarged, London; 1520, 410. pp. will, 656 
English and Hindisidni Student's Asustant; or Idiomatical Exercises in those 


to assist stodents of either language in acquiring an cosy 
sin pee دسي‎ yrs of expression. In four Paris, [ ] Calcutta: 1943, 


12ma, 
Dictionary, Hindostini and English, By W. Yates, M.D. Calentta: 1847, 890. 
The Handbeok to Hindsostanes Converastion, with Familias Phrases, and an 


० [romanized.) Serampore: 1851, 15009. 
1 
ee 1 Dictionary, English and तत + Third edition, revised. Calcut- 


ta: 164. limo, 

Stewart's Historieal Ancedotes, with a Sketch of the History of England, amd her 
Connection with India. Tranalated by Rev. W. 1. Adam. Anglo Hinduwee. 
लात 1645. 1००, [१.91 

Vikydvalt The Stodent's Assistant: or Idiomatical Exercises in English and Hin- 

Caleutia: 1433, Tmo. 





690 American Oriental Society : 


From Hon. 0: Wo Bradley, of Ninypo, 


Explorations of Amoor River Letter from the Secretary (१ 
ing letters and reports of 7. McD: Collins, with Maps] Jocument, 
५ -8 ete 4 lore, by a Ch artist, Mostrati of 

A eet of twelve pictures, in water co a Chincee ny عمجم‎ 
Chinese life tweite by ا‎ laches ca di tondored arch nat ea 


=" water col by a Chinee artist, ilostratiogr sees 
A wet व na co 2 nr Sorted 
in 1858, on the Pei-Ho river in connection with the warlike 







Which occ ope: 
rations of the Engi d French, and the conclusion of the t with Ameri 
ca. Pictures about twelve and a half ५५५ fire inches, ‘hin pulper 

Cards of the two Chingse Com and sent fo trent 
with the Allied Powers, in the Pei-Ho, 1868, 

Ch वः Ee ١ (42 2; अ, 12; प. 4-10, 12, 6; xix. 1, 9, 4, 
B12, 11} xe 2, 5, 7) 1. 8- | 

A Grammar of the T,hai, or Siamese Language. By Capt James Low, ete, Cal- 


611 : 1526. 410. [7 
On 2५149 and the Phrabit. FE ete, ل‎ Trans. of the 
Hoy, As. Sne’y of 0. EB. and ] London: 1831, ماه‎ pp, 83. 
A : White Elephants. By the same. [From the same.] London 
1651. 7 
vo late Bobet ولاس‎ Eee Mr. Gutziai [Communicated through 
the late Robert Fullerton, [From the Trans of the Ro ^ 4 
* 6 BL and Ty vol. ff], २९. dito pp 14 (and 3 of Sinmes tho- 


AWill-the ‘sbové مع‎ Booed a MS. sermon, on Exekiel xexifi. 11, and 9 half 

sheet of the Morning Chronie London, Apr, 5, 1837, 

Brief Grammatical Notices of the er with on Appendix By J 

te he he ; 1842 we 90. the above em pound 5 
Catalogue 0 mein Honk aimed, ae transferred from the Gree e 

brew ges into the Siamese Language. 5 ok: 1842. 859. pp. 11. And 
i anguage. Bung ae 1१८ 


जता कच 
Proper नु See therewith, as agreed ن‎ the American Mis- 
Hlonaries in Siam. Bangkok 1842 an tabs neat x) 
Treaty between the United States of America of Siam. Con 
cluded 29th May, 1456, Proclaimed 16th August, 1458 nehington: 1919. 


7 with the United States 
Bangkok, June 15th, 1857.” Copy, made and 







Maraden, F.BS,, ete. “London ब ate. (आव 

Ar Attempt to sluridate the Principlos of Malayan Orthography By W. Robinson, 

Grammaire de ها‎ Langu Malis, pa Mr. W. Marsden : publiée a Londres en 1512, 
अहते 5-9 


Elout. [Double version, F‏ .ل 
ا بتاك .1844 


Malai, 1, Hollancta: Francais, 0.7. 7. Elont: traduit ction- 

res ery abe بي‎ tee Mr, प्र Marsden. [Donble 8 
णु first given, and followed it Ge ‘the French: the rtch Malay cad 
ia parts given heparately, | 1625, 41०. pp. xxiii, 004, and 


Wali‏ هس 





1 
4 


ee ee ١ يي ين عضت‎ 


احا — 
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From the Avidtic Society of Bengal, 


ote os + Asiatic Society of Bengal. Nos. Ixiv-txvi, Ixix-lrxvi. Calcutta: 

ri 

Bibliotheca Indica, No. 78. The Chhindogya-Upanishad of the Sima-Veda, with 
Extracts from the C of S'afkara A‘ Translated from the 

Sanskrita by Mittrn, Fascien mL Calcutta: 1854, Sva, 

No. 79, The Sdrya-Siddbinta, with ite Commentary, the Gddbdrtha-Prakds‘ake. 
Edited by Fitz Edward Hall, A.M, with the assistance of Pandit एध Deva 
S'istri, Fasciculus L Calcutta: 1854 8१०. 


From the Aviatic Society of Paris. ॥ 
Journal Asintique.... 6™° Série. Tomes viii-zii Paria: 1856-58, ६9४. 


5 From the Editora of the Atlantis, 


The Atlantis; = Register of Literature and Srience, conducted by Membera of the 
Catholic University of Irelind. Now. ii, ifi, iv. London: 1868-59, Syo. 


From Mf. TAGE Borgia, of Paris. 
Mémoire sur le Sarcophag Nae ens? Pa Funérsire d'Eschmunazar, Roi de Sidon, 
Pur My Abbé .ل.ل‎ Le Us : 1688. 4to. pp. 40 


From the Batavian Society of Arts and Sciences, 
van Ket Botavinnsch Genootschap ran Kunsten en Wetenschappen. 


1 
Deel xxvi. Batavia 1304-57. 4to. 
Land-, en Volkenkonde. Deel iii-vi [or Deel i, 


nod Nicuwe Serie, Deel i-iiL] Batavin: 1654-57. Svo. 


From Dr. W. Hf. J. Bleek. 
Mozambique, Vocabularies of the Dinlects of Lourenzo 
ويسم‎ Na =, , tte Drawn up لس‎ Hd Bleck, ४2 9 
eters, لضم‎ from other materials, by William 13 J. ete. Loudon 
1854, obl. 878. 
From the Board of Foreign Misrions of the Presbyterian Church. 
Annual Reports of the Board of Foreign Missions of the Presbyterian Church, 
fur the years 1850-57, New York. Svo. 
From the Board of Missiona of the Protestant Episcopal Chwreh, 
Proceed! of the Board of Missions of the Protestant E 1 Church In the 
United Statés of America, for the years 1550, 1606 and ध New York, 8vo, 
A Grammar of the Benga Language. By Rev, Jamea 1. Mackey York: 


1855. 1 रात. pp, 60. 
‘The Benga Priuer ac gy By for Beginners, a Series of Phrases, and 8 
Catechiam. New Londen, 1855, J8mo. pp. 


Sango lam . FE oa Matthew, in Benga न :عامسلا‎ 1858, 12mo, 
The Shorter the re, New York: 1858 18mo. pp. 82. 


Come to Jesua [Tract in the Creek Langusge.] 
From Prof. Otto ,بأو« انلعم‎ of St, Peteraburg. 

Un ber det are ‘eo der Jakuten. Grammatik, Text, und Worterbuch, Von Otto 

Buehtlingk. St. Petersburg: 1851. 4to. ش‎ 
From Professora Bochtlingk and Roth, 

Sanskrit Worterbuch, herawyegeben von der Kniserlichen Akademie der Wissen 
بوم ماعو‎ Bearbeitet yon 0116 Bochtlingk und Rodolph Roth. “Lieferungen 4-16 
St. Petersburg: 1656-59. 4to. 

From the Bombay Mission of the A, B.C. > M. 
The Old Testament in the Marathi इद, = ~ = Bom ie dio. 

Grammar of the Marat Language ١ ne een Pa bi by 
the American Mixion, Dom 


ee ee يجا بر‎ sae yok يو‎ Bomber व 









Il. Apprrioxs ro THe Lippary AND CABINET. 


Ocronmer, 1856—Mar, 1860, 


Fron Ree, J.C. Adamion, 0). 7), 
The Library of His Excel Sir George Grey, 15-0: 09. Philology. Vol. L— 
a itt Le Sonth Africa Won Hf Ble ब, 1. 1658 "१ > 
[१0110 9 Laws لدم‎ Customa, including geneal esof Eafir 
chiefs ood various tribal census returns, Mount Ucke: 1859, 5१, 


from Rev. WR, Alger, of Boston, 
The Poetry of the East. Ey William Rounseville Alger, Boston: 1856, 12ma, 


„` From Rew, 4), 0 Allen, 0. 0. of Wenham, Moss. 
India, A ¢ and Historical, Political, and Relig- 
soe a Oop ari i a 
From the American Academy of Arta and Sciences, 


Proceedings of the American A of Arte and Scivncen Vols, جزدز‎ of 
5 "4 ४, 1485], Cambridge and Boston 0 


Momotrs of the American Academy of Arts and Sciences, v. 2: vil. .2ه‎ ना, 
Cambridge und Boston: 1655-00. 4to. 


From the American Antiquarian Society, 
Transactions nud Collections of the American Antiquarinn Society. Vol, i, Wor- 
cester: 188) भु 1838 ; عد ام‎ Hoston :[ 1857. Byo, 
of the American Antiquarian Societ [at ite various meetings, in 
Worcester and Boston 1658-89]. Boston 1456- ४9. 8 


From the American Baptist Missionary Union, 
Annual يون‎ ly of the American Baptist Missionary Union, for the vears 1550-57. 
Boston, تج ةا‎ 


From the American Board of Commissioners for Fortign Missions, 
1h aa ee nade اماس عدر‎ (10 

الا اد الصا प्‌‏ 

a Genera | a ॥ eetant 
Calcutta, Suptember 4-1, 1555. Calcutta: 1565. S¥n, ee 
Standard Alphubet. Bibs Lepsius. . , . Lonikni: 1855. 8yo, 
ank-tings of Yan or Narratives of Hindu Widow Life in India, Ry ए 
Patmanji. With 2 Preliminary “رويك‎ on the Remarriage of Hindn Widuws, in 
t, by न्नै Spots Pea» etc. Hombay: 1847, 12mo, 


A Zulo-Kafir Dictionary, etymol: ملسم‎ with لمعم وذ‎ भन 11 
Exam ple preceded by an Introduct pepe fir ce By he har, 
3.1, Missionary to the A.B. 0. 7. 31. Cape Tuwn: 1867 roy. 6१४. 


40th Report of the A. B.C. FM. las Boston: 1858. 8yo 


From the American Geographical and Statistical Society, 


Bulletin of the American Geographical tutistical Soclety 
New York: 1857. 8vo. नप Vel li, 8 
Statwoent, 


f, ard Sections of the mame, New York: 1856-57, ह 
1 on the Extension of the Decimal 3 to Weights لة‎ 
جد‎ United State, New York: 1457, yo. نيان‎ re 
From Mahérdja Apérea Krakna Bahddur of Calcutta. 

Deqan Kuwar. [Hisdustint] to, 


(7 


الحا سيك 5 ا ,= क‏ }1 # 


le [7 


वि 


7. On the Twenty-eight-fold Division of the Zodiac made by the Arabs, 
Chinese, Hindds, and Persians, by Prof. Whitney. 
_ 8, Three Sanskrit Inscriptions, relatin g.to Grants of Land ; the Orig. 
inal Texts, Translations, and Notes, y ite-Edward Hall, M. A., one of 
her Fete "s Inspectors of Schools for India ; presented by Prof. Whitney. 

9. 5 On the Arya Siddliinta, by the same; presented by the same, 
oe 10, Memoir on the the Language of the Gypsies and its Relation to the 
erie together with Remarks u ode the Present Condition, the History, 
and the Origin of this Race, and a Grammar of the (1४ ra, 08 now used 
in the Turkish Em A by A. 0. Pasnati, A. M., M. D., of Constantinople; 
presented by Mr. D.C. Gilman, of New Haven. ati 

11. A Latin Inscription, found-on the supposed site of Lystra, in 
Phrygia, by Mr, F. P. Brewer, of New Haven. 

12. On the lately discovered Orations of Hyparides, especially that 

भ Demosthenes, in the matter of Harpalus, by Pres. C. C. Felton, 


د ظ 
On the Philoeophy of Pangusge, we, 08 illustrated by the Instruction‏ .13 


of the Blind Mote, Laura Bridgman, by the same. 


The next meeting of the Society is to be held in New Haven, on 
= enc Ag مس‎ peers 


The following gentlemen were elected officers of the Society for the 
ensuing year: 6 1 
President—Prof. Eowaun Roatwsox, D. D., LL. D., of New York. 

| Prof. Cuantes Beck, Ph. 1), “Cambridge. * 
Pice-Prendents ~ Rev. Wittiim Jexxa, D. D ५ Boston. 
| Pres. 1. 1). 11 بجغدمه‎ 17.1 17.70. = New Haven, 
Corresponding Secrefary—Prof. W.D. 177 يوب‎ ५ New Haven, 
ad, of Classical Section—Prof. उ+ अष पणत), = New Haven. 
bce ‘cording Seeretary—Mr. Exna Annor, Jr., ^ Cambridge: 
reasurer—Mr, 1D, C, नाप्यत्र “ New Haven. 
fibrarian—Prof. W.D. पाण, | ه‎ New Haven. 
, | Rev. Rercs Axnensox, D.T., نه‎ Boston. 
Mr. J. 0. Cocswei, 11. 7, ` = New York. 
Presa, C. C. Fetrox, 11 70). ` ه‎ Cambridge. 
Directors \ Prof, W. 11. Gnzex, D. D., 4 *'Princeton. 
Prof. J. J. Owes, D. D., ^ New York. 
De. Crantes Piekrarya, “Boston. 
Prof 2. E Sauissvnr, ५ New Haven, 


The Correspondence’of the past six months was laid before the Soci- 
ety, and parts of it were read. 

The following resolutions were proposed by Prof. E. E. Salisbury of 
New Haven: 

Resolved, That in the death of Prof William W Turner, late of 
Washington City, this Socie a h ghizes the Joss of an earnest, diligent, 
accurate, and most cub eter scholar in the field of Oriental learning, 
whose varied attainments and fine qualities of mind rendered him an 
ormament to this association, and promised, with the increase of leis 
ure for literary pursuits, to make his name more and more distin- 
guished through out the learned world, 

Resolved, That a copy of these resolutions be transmitted to the family 
of our deceased associate by the Recording Secretary. 

These resolutions were seconded by Prof. Beck: the Président, Dr 
न ve the Society a sketch of the life of Prof. Turner, and an 
estimate of his personal snd literary character, and, after remarks from 
other 0 resent, the resolutions were unanimously passed - 

E.On the الحا 2 سار سود‎ he oe 

= Vo the Character and Historical Position of the Sanskrit Al phabet, 

by hoon Lf ع سام‎ of an Haven, ms 
त Negrilioes, or Oriental Negroes, by Rev. J.T. Dicki ¡780 

0 ا 

8. (^ tive Sketch of the वम Ys rea of Ponape and Ebon, tw 
Islands of the Micronesinn ५८४ lago, by टत. EL Doane, Mission. 
So races ا ا‎ 
فى‎ es مه‎ Polynesia, its People and Lan + by Dr. J 
Wilson, U. 8. N 3 presented by Prof. Salisbury. ५ = 


4 nek oa Turkish Language and Literature, by Prof. Convers Francis, 


Hn Ee. 
6. Diary of a Journey ‘from Tabriz to T ehrin, by Rev tin Perkins, 
Missionary in Pers rney from Tabriz to rin, by Rev. Justin Per 

















10. Onan Unpublished Greek Inscription, discovered in Pisidia, by 
Mr. £. 7. ण New Haven. 

11. On the Limits of Ancient Oriental History, by Prof 3. 0, Moffat, 
of ب د‎ 35 0 

19. the Physical-Geogra phy of Asin, as connected with its Ethnol- 
ogy, by Prof. Amold Guyot, of Princeton, N.J. ७ 

13. On Recent Geographical Explorations: in Asia, by Mr. 0. ¢. Gil- 
man, of New Haven. | 

14. Rev. D.-T. Stoddard's Collections illustrating the Modern Jews" 
‘Language of Oriminh, arranged by Dr. A. 11. Wright, of Ordomah و‎ 
presented by Prof. Turner, ا‎ - 5 

15, Strictures upon the Views of M. Ernest Renan respecting th 
Origin and Enrly History of Languages, by Prof. Whitney. 


The regular Anonal Meeting for the year 1860 was held in Boston 
and Cambridge, on Wednesday and Thursday, May 10th and 17th, 
1860, the President being in the chair. 

Phe Treasurer's statement showed the receipts aud expenditures of the 

past year to have been as follows : | 
: 1 RECEIPTS. 

Balance in the Trensury, May 1810. 18569. = = = = ع‎ 
Mombers’ fees: 101 ono. assesem'ta for 1859-60, 7 £506.00 
20 do. do for previous years, = 100.90 ४ 
इनमन, = = ~ = ५ ~ = ~ ~ ~ $€ 
Total receipte cf tha कख = = = = = = = , 681,35 


= SMEG 





1४16. 

EXPENDITURES. 
Paper, printing, and engraving, for Journal, Vol, VI art), + = 690.91 
Other prntiog. سان‎ ec ak ae mp व्क 3.1.46 
Binding books, = नतः = 70.46 
Copying of م‎ Modern Syriac Vocabulary, = "= : 2000 
Expenses of currespondence and Library, = + = 2 43.57 





Total expenditure’ ofthe year, = = - = = 34569 
Balance in the Tressury, May 16th, 1869, = - = + = - 520.68 


81376. 


The Librarian reported the necessions to the Society's collections du- 
ring the year. The whole number of titles composing the catuiogue was 
now 1726. Tonnations from the Ye al Academy of St. Petersburg, 
Dr. Wilson of Philadelphia, B. 11. Hodgson, 9) ag., of England, قنرق‎ 
dralila Mitra of Caleutta, snd others, were especially noticed, The most 
valuable accessions to the Cabinet had been the three Sanskrit inseription- 
stones, from India, presented by ए, E. Hall, Bs: such monuments being 
० ए rare out of India itself For the first time in its history, the 
Society had been nble to expend something in binding, to the great un- 
provement of the Library, in appearance and usefulness. 

75 


TOL. ४1, 








During the continuance of the त , announcement कड 17905 to 
the अलुक of the death of one of its sada tsa ity Members,” Alexander 
vor Humboldt, of which event tidings had just received by tele- 
ري‎ Before adjournment, the following resolutions "1 by 
gentlemen and ५८ aent, unanimous 1 | 6 

Resolved, That this Society has learned witl جد" سبرب جو ابي‎ it of the 
death of the illustrious and venerable Baron Alexander von’ Humboldt, 
one of the most conspicuous ornaments of the age, and of human 
nature, ५. ॥ | 

Hesolved, That they recognize in the character and worth of this grent 
man a splendid example of genius devoted with unsurpassed energy, per- 
pits ag enthusiasm to the entire circle'of homan knowledge, from 
ore to the last hours of a life extended to the poker pane 
length of fourscore and ten years; and that the example he set of a noble 
consecration to high pursaits in the midst of the al لومعم‎ of rank, 
wealth, and society, presents an additional claim to the admiration and 








The Semi-annual Meetin i of the Society for 1859 was held in New 
York, on Wednesday and Thursday, Oct. 26th and 27th, at the Council- 
room of the University of the City of New York. ‘The President was 
present and occupied the chair, 

After the transaction of the usual business, and the reading of extracts 
from correspondence, the Society listened to and discussed the following 
Sey kiss ake tee, ar (he Banta bes Ean te 

1. On the Influence of the هنا‎ upon the Romanio Languages, by 
Dr. Max Griinbaum, of New York. ४.1 | | 
by Pir ead a ee sig near Jubulpoor, in न In- 

la, by Fite-Edward Mall, one of her Britannic “Majesty's Inspectors. of 
Schools for India. 95 अ 

3. On the Phenician Inseription of Sidon, by Prof. W. W. Turner, of 
Washington. ॑ 

4. Comparison of the Elements of the Lunar Eclipse of Feb, 6th, 
1860, as Peete acorn to the data and methods of the Strya- 
Siddbanta, and as determined by Modern Science, by Prof. ए, 1). Whit- 
ney, of New Haven. 

त pack Strictu eg ल of the Word जिव in a A ge af 

9010 by ध ones, of Philadelphia; presented by Pro 
Haley, of Now te ladelphia.; presented by Prof, James 

9, Contributions, from Original Sources, to our py, 2 lea of the 
Science of Muslim Tradition, by Prof.E. E. Salisbury, of New. Haven. 

1 nt cy adie 0 by 6/८ ५ ا‎ of New York, 

+ ormation of Futu 5 ropean Languares by 

Prof, Hadley. नावौ 
9. On the Letters of Basil of Cesarea, and the Condition of the Ori- 


ental Church in the Fourth Century, by Prof. J ndfit, of N 





। 1 


particular attention of the Society to the liberal gifts of books made to 
the Library. during the past two or three years, by Messrs, Williams and 
Norgate, oriental and general booksellers in London; and also to a very 
large, costly, and सम donation of books, manuscripts, and other ob- 
jr of interest, by Hon. Charles W. Bradley, Commissioner under the 
with China, who has been for a long time one of the most एला 
erous contributors to the Society's collections,, A special vote of thanks 
to Mr. Bradley was moved and unanimously passed 
An amendment to the Constitution, increasing the number of Directors 
from five to seven, and the number required to form.a quorum of the 
Directors from three to five,.was pro and ado 
The Society then proceeded to the election of officers for the ensuing 
year, and the following ticket, proposed by a Nominating Committee~of 
three, was elec 
President—Prof. णका + Roorsox, 0.9 LLD., of New York. 
Prof. Caanes Becs, Ph. D, ^ Cambridge. 
Vice-P residents + Rev. Wrut1am Jexns, 0. 0 








5 
(न {= oa وو لاس سينا‎ LL.D, * عارك‎ ae 
17 tary—Prot. Hirrer, ”“ ivew Daven. 
८ - ४ J ames Pasa “ ree 
ecrefary—Mr na Anpot, ७१.) 5 Cambr 
Treasurer—Mr. 0, C. Grouax, ५ New Hares 
Librerian—Prof. भ. 7). Warrsrr, “ New Haven, 
| Rev. Rorcs Axpensox, D.D 4 Boston 
॥ Prof. Howarp Croenr, = New York. 
Prof. C. 0. Fetros, LL.D. 2 Cambridge. 
Directors + Prof. W. H. Geers, 0.0 ५ Princeton 
॥ Rev. Taropons Paaxee, ^ Boston 
Dr. Coantes Pickenrsa, = Boston. 
Prof, E. E. Sacrsnvnr, “ New Haven. 


After the transaction of other business, and the reading of corres- 
pondence, communications were called for. The following were presented 
and 

1. On Dr, 8. W. Williams's New Chinese Dictionary, by Rev. W. A, 
Macy, Missionary in China; presented by Prof. James Hadley, of New 
Haven. 

2. On the English Words forfoise and turtle, by Mr. Charles Folsom, 
of Cambridge. 

ॐ On the Kings and Kingdom of Siam, by Hon. C. W. Bradley, 
Ningpo; presented by Prof. W. D. Whitney, of New Haven 

4. On the Greek Inscription from Daphne, by Prof. Hadley 

5. On the Ethnological Relations of the Ancient Scythians, by Dr 
Reinhold Solger, of Roxbury, Mass. 

न pail م‎ the Interpretation of Genesis 0. 25, by Rev, ए. 0 
Jones, of *hiladelphia ; presented by Mr. Ezra Abbot, Jr., of Cam- 


bridge. 
0 On the Origin of the Hindu Science of Astronomy, by Prof. 
itney. 
On the Relation between the Greek and Hindu Astronomies, by 
Rev. Ebenezer Burgess, of Centreville, Mass. 


2 


२. An Tage iry respecting the Meaning of solar, in Genesis vi. 16, by 
Rev en Merrick, of Pari, Ky.; presented by Prof J. W. Gibbs, of 
New Haven. | 

3. On Greek Metre, by Prof. Howard Crosby, of New York. 


4. On the Vedie Doctrine of 8 Future Life, by Prof. W. D. Whitney, 
of Now Haven! 17) ont aot ane | : “ete 

§. On the Prepositions, Con 1 and other Particles of the Isizulu 
and its Cognate ea Nes أحن‎ by Rev. Lewis Grout, Missionary in South 
Africa; presented by Prof. ए. E. Salisbury, of New Haven. ह 

8, On an Ancient Greek Inscription, found at the site of Daphne, near 
Antioch, and cee ied by Rev. Homer ए. ape Missionary at Antioch ; 
by Pres't T. D. Woolsey and Prof. J. प, Gibbs, of New Haven. 

7. On the Relations of the Hebrew to the Indo-European Tongues, by 
Prof. sae 4 Green, of Princeton. ह | ^ 

8. م‎ Origin of Language, by Prof. Whitney, 

9. On the Present Conditiea of the Hindi Mind, and the Manner in 
which it is affected by the Hind& Philosophy, by Rev, प्र, M. Scudder, 
Missionary in India, 

10. On the Demonology of the New Testament, by Prof. J.J. Owen, 
of New York, 


The regular Annual Meeting for 1859 was held in Boston-and Cam- 
bridge, on Wednesday, May 18th. The President was in the chair. 
The Treasurer's yearly statement was as follows : 


RECEIPTS. 
Balance in the Treasury, May 19th, 1858, = = = = = = S419.17 
Members’ fees: two lifemembershipa, - = = «+ $150.00 


cigh hiy-nine पा, assesem'ts for 1858-9, 445,00 
fifteen do, == १०, for previous years, 76,00 
three do, do, for 1859-40, 15,00 
Sale of Journal, अ 1, 01 


Interest on deposit in بهجاجم5‎ Bank, = ~ ˆ - : - 249 
Total receiptsof the year, = = - = > = ११8 88 
$1197.80 








EXPENDITURES, 

Journal, Vol, VI, No. 1 so pc h 5 . = = 5 3 5 ६ 
Printing of Proceedings ond blanks, ~ = = । त = . " se 
Expenses of correspondence त Library, = = ~ 7 5 5 £7.01 


| Total expenditures of the Dee TT 
Balance in the Treasury, May 1 ath, 1669, = = 41 دا‎ peti eae 
(4... $1197.80 
a an reported the accessions to the Lj brary ‘during the year 
ands seca et eon ® accessions to the Library-during the year, 
। ane sae rof new works added the Library duri ear 
stated to be one hundred and twenty-eight, besides abot Bomb مال‎ 
ations and duplicates, and twelve manuscripts, The Librarian called the 


سر ا 


~The Board of Directors communicated the following rule : 
ert spear of Publication shall consist of five members, of whom 


three shall be resident at the place where the Journal is published : they 
shall be appointed by the Directors, and ‘shall report to the Society at 
every meeting respecting the matters committed to their charge. 

After the transaction of other business and the reading of correspond- 
ence, communications were brought before the meeting. 

1. Mr. Charles Folsom, of Cam ab exhibited to the Society a frag- 
ment of an American inscription, of colony times, for the purpose of 

“obtaining the opinion of the members present with respect to 9 restora- 
tion proposed by him of the missing portion 

2. A paper entitled “Petra in 1851," by Hon, George 7, Marsh, of 
Barings, Vt, was read by the Corresponding Secretary. 

8. Or ane Greek Genitive as an Ablative Case, by, Prof. James Hadley, 
न read, in the absence of the author, by Mr. Abbot, of 
Cambridge. 

4. On the Egyptian Monuments of El-Amarna, by Dr. Charles Pick- 


ering, of Boston, 

5. Translation of the Stirya-Siddhinta, a Sanskrit Text-Book of 
Astronomy, with Preliminary Remarks, and Notes, by Rav, Ebenezer 
Burgess, of Centreville, Mass, 

x: On the History of Religions in China, by Prof. W. D. Whitney, of 
ew Haven, 

T. On the Persian Doctrine of a Future Life, by Rey. W. R, Alger, of 
Toston. 








A Semi-annual Meeting was held in New York, at the rooms of the 
American Board of Commissioners for Ae Missions, and of the Uni- 
versity of the City of New York, on Wedne: y and. Thursday, Nov. ard 
and 4th, 1858. The President was in the chair. 

The Directors congratulated the Society on the gratifying success of 
the ore initiated al & previous meeting for increasing its numbers, 
strength, and efficiency. 

The Librarian made a brief verbal report عد‎ ing the accessions to 
the Library and Cabinet. He also announced that be was authorized to 
give notice to members of the Society that, upon making application 
hrough him, they would be allowed copies of the Collection les Ouv- 
rages Orientaux, published by the Asiatic ty of Paris, at the reduced 

we at which it ts furnished to members of the latter society, namely at 
five f francs per volume. Of that collection there have now been published 
four volumes, each of about five hundred octavo. pages, containing the 
Travels of Ibn Batata complete, in the Arabic text and with a Freoch 


translation, 

सवी ndenee of the past جوع القط‎ was laid before the meeting, 
and extracts from it were rend. The Society then proceeded to listen to 
communications, | 


_ 1. On a Recent Work by Prof. Ross, of Halle, entitled © Italians and 
Greeks. Did the Romans talk Sanskrit or Greek {", by Prof James 
Hadley, of New Haven. 


The Anntal Meeting of the Society took place in Boston, on Wednes- | 
day, May 191), 18588 Dr. Charles Picker in the absence of the 
President, occupied the chair 

The Treasurer's secount was presented, audited, and accepted. The 
receipts and expenditures of the Year were stated to be as follows 


Mee य May p20th, 1857, = = = = = ‘Saas 
Members’ fees: one life-membership, ~ a 5 = 87500 
pe beg eee be للد‎ - $05.00 


five do. do. pial hs ` = 05.00 
three initiation fees, ‘i= = DO 


460,00 تل 
Bale of Journal: to new members, at half-price, * = 83.75‏ 

+~ ale ~ 80.29 

Denation, 5 6 = : 2 3 = 4 (4 a = 5.00 
Total receipts of the year, ¬+.) eee 45.20 
$500.75 
Journal, Vol. ए, No. (balance प Be unpaid, ~ = = = §10600 
Printing of Statement and A ००५५. نمم ,لده‎ blanks, = 2 > = = 3285 
Postage and freight (in part since 1856), = -' - = = = 4808 
موضل‎ omuncurrent money, = =. ~ HE, ~ 70 
Total expenditures of the year, “oe = = नाहः 
Balance in the Treasury, May 1th, 1856, द, el 0 a 
8599.75 


The Librarian reported that there had been added to the Library, since 
the last report, one hundred and sixty-five naw titles, besides about fifty 
continuations and du "व The whole number of titles was now 1544, 
and of volumes not fur from 2000. All the contents of the ea had 
been numbered and labelled, and provided with a complete card-catalogue, 

The election of officers for the ensuing year resulted in the choices of 
the following ticket - | 


"न~ Rourxsox, D. D., LL. D., of New York, 





= Prof. مع سسنهة‎ Ph.D., “ Cambridge. 
ice-Previdents 1 Rev, Witttay ष अ, D. D., “ Boston, © 
( Pres. T. D. Wootser, D.D., LL.D. ^ New Haven. 
Seerétary—Prof. W. Tp. Hitxer, “ New Haven, 
Classical Section—Prof, + Haprer, = New Haven. 
fery—Mr, Fina Annor, Jr, + “ Cambridge, 
Dastet C, Gra < “ New Haven, 
ॐ फा, D, Warrser, * New Haven, 
aot ae ee D.D., 4 Boston. 
Prot, C, C.F TOR, | 8 60 rid ire. 
Rey. Tazopone P mera ५ Beers 






Dr. Crintes Pickenrsa, ^ Boston, 
` Prof. E. E. Sacinvay “ New Haven. 


(त स 


Select Minutes of Meetings B79 


been sustained by the cause of Oriental learning in tha decease of that 
eminent scholar. | 
The Committee on the mode of increasing the efficiency of the Society 
made an elaborate report through the ل وتم ساي‎ Secretary, They 
disevesed the ends at which such an association ought to aim, and the 
way in which those ends could be most directly and successfully attained. 
( pointed out the Spartans ei and special, why the sphere of the 
Soviety’s highest and most usefyl vctivity must be the regular and liberal 
publication of valuable memoirs in its Journal. They exhibited the pres- 
ent resources of the Society, rehearsed its operations and moles of action, 
and showed wherein these were deficient and needed to be improved and 
extended. They made a comparative statement of the resources and ac 
tivity of other Societies ‘of kindred. objects, especially in Europe, and 
claimed that, to maintain a ocean 2 ition with reference to them, 
the Soui 4 + ought ما‎ enjoy an income of $1000 or more. and to publish 
an annual volume of four to five hundred pages: that this was due both 
to the contributing members and to the eause of science, They proposed 
a plan of action to this end, based especially upon a large increase of cor 
porate membership, and recommended the appointment of a Committee 
apd as with its execution. 
sn ort was accepted, its suggestions formally adopted, and the 
= Jommittee appointed, Tt was farther voted : 
hat the initintion-fee of five dollars be-no longer required of members 
newly elected, and that such members have the rab ع‎ of taking a copy 
of the pean published volumes of the Journal, if they desire them, 
That the Directors may, at their discretion, and in view of the ciroum- 
stances of each case, transfer to the list of ecb nding Members per- 
sons elected as Corporate Members, but who may have since permanently 
left this country, and to the list of Corporate Members persons chosen قله‎ 
Corresponding Members, but who may have since transferred their resi- 
dence to this country. 
After the transaction of other business, the following communication 


1. On the Harmonic Consecution of Vowels in Turkish, by Rev. Elias 
Riggs, Missionary in Turkey. : 

2. On the بحدوناطف زنؤقرط‎ or Vedic phonetic and grammatical treatises, 
by Prof. W. D. Whitney, of New Haven. 

"9 On the Hebrew Chronology, from Moses to Solomon, by Prof. James 
54 of New Haven. 2 | 
4. ratte of thé Chinese Terms and Characters Tien and Shin, by 
Dr, M. 0. White, of New Haven. 

6, On the Historical “an raphy, and the Corgan Position and 
Relations, of India, by Prof. W. D. ८4 of New كنلا‎ 7 

6, Analysis and Extracts of an Arabic Work on the Water- Balance, © 
the Twelfth aaa „ by the Chevalier N. وروي‎ Russian عانافوون‎ 
niche at Tabriz, Persia; presented by Prof. E. E. Salisbury, of New 
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Rev, Rervs Axpsesox, 1. 13 of Boston. . + 
| Prof. 0, 0. Feurox, LL. D., “ Cambridge. 
Directors « Mr. W. W. Gaeexouen, Boston 
Rev. Toeopons Parken, « Poston. 
Dr. Cuantes Proxenixe, « Boston, 
The Nominating Committee, being instructed as epare AN expression 
of the acknowledgments of the Society to व isbury for his long 


and valued services as Corresponding Secretary, presented the following 
resolutions, which weré unanimously passed : 1 

_ Resolved, That the Society has received with deep College, et © च्छत्रा 
cation from Professor Edward E. Salisbury, of Yale cn ل‎ ¦ 
the necessity, by reason of his continued absence from the country, of h 

declining a re-election to the office of Corresponding Puck ry: and that 
we should be doing violence to our feelings, if we suffered this occasion 
to pass without expressing to Professor Salishury our great obligations to 
him for his able, faithful, and zealows performance of the duties of this 
office during so many years; and, in general, for the most liberal and 
valuable contributions of time, labor, learning, literary ardor, and pecunt- 
ary aid, which he has made to the interests of the Society from its very 


1 ध RIC. 3 ُ 
Resolved, That the म be requested to communicate 
the foregoing resolve to Prof. apes , with ‘the wish that his corres- 
pondence with the Society may be as full and frequent, during his absence, 
as his engagements will allow. 

On motion, a Committee of five was appointed, to take into consider- 
ation the means of increasing the efficiency. of the Society, with instruc- 
tions to report at the next meeting. ‘ 

The ص ما د‎ pa pers were presented and read : 

1. On Inverted Construction in the Modern Armenian Language, by 
Rev. Elias Riggs, Mission 7 y in Turkey. ष 

2. Abstract of a Tamil Translation of a Portion of the MahAbbaAr 
by Bev. Miron Winslow, Missionary in India. 

3. Illustrations of the Pangwe Language, rar by a cannibal triba 
in weds Sari of Central Africa, by Rev. Albert Bushnell, Missionary 


पा 


A Semi-anoual Meeting of the Society was held in New Haven, on 
Wednesday, Oct. 28th, 1857. The President, Dr. Robinson of New 
York, a vied the chair 

Brief verbal reports were made by the Treasurer and Librarian pee 1 
ively upon the state of the finances and of the Library. Some of the 
Intest accessions to the Inter were لثما‎ before the meeting, among them 
the seventh volume of the late Baron von Hammer-Purgstall's “phi y of 
Arabic Literature, the last work of its distinguished and venerable author. 
In नद with the latter, was unanimously passed the following 
resolution : 

Resolved, That the Corresponding Secretary be directed to express | 
सम sete the late Baron von एयाय the क of the 
jety in their bereavement, and its painful sense of the loss which has 






AMERICAN ORIENTAL SOCIETY. 


L Setecr धीरा or हाऽ oF THE Socrery. 


Tre regular Annual Meeting was held in Boston, at the rooms of the 
American Academy of Arts and Sciences, in the Boston Athen#um, on 
Wednesday, May 20th, 1957, Rev. Rufus Anderson, 1). D., of Boston, in 
the chair. | 

The Treasurer presented his account to be audited, secompanying it 
with the following summary statement of the receipts and expenditures 
of the year: | | 


ॐ नि ८17 
Balance in hands of Tronsurer, Moy 14110, 1556, = = = oat = $166.33 
Members’ foes: forty annual asseaemente for 1656-7, = = 00م‎ 
Total receipis of thea yoar, اد‎ = =: = = = = = S000 
9 2113 


EXPENDITURES. 
Journal, Vol. V,No@(inpart), ~ = ~ = = = = - 4 
Expenses of library and correspondence, a = =, = = =, नन 
Total न of the न “$979.37 
Balancein the Treasury, May 20th,1857, ~ ~ ~ + + = 6445 


` $338.88 


The Librarian being absent, no report on the Library was offered 

The Society, next proceeded to the choice of officers for the ensuing 
year. A communication from Prof. Edward E. Salisbury of New Haven 
was read, declining a re-election as Corresponding Secretary, The fol- 
lowing ticket, proposed by a Nominating Committee, was elected without 
dissent : | 


President—Prof. Eowann Rostssox, D. D., LL. D., of New York. 
- । Prof. Cuartes Sec, Ph. D., “ Cambridge. 
Vice-Presidents | Rey. Wiittam رقي ل‎ D. D, 4 Boston. | 
Pres. T. D. Wootsey, D.D., LL.D, * New Haven. 
Corresponding Secretary—Prof. W. .لل‎ Warrsry, “ New Haven. 
Seer. of Classical Section—Prof. Jauzs [+ एष) ~ New Haven. 


Recording Secretary—Mr. Exra Aupot, Jr., م‎ Cambridge. 
Treaeurer—Mr. Exaa Annor, ना+ = Cambridge. 
व~ भ. D. Wurrser, “ New Haven. 
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the lunar and planetary mansions, and other astronomical divisions, 

represented on the astronomical wheel ab com ved in Mr. Bullock's museum 

amongst the relies of the antiquities of Mexico; the descriptions of Mexi- 
can armlets, anklets, earrings, noserings, and other ornaments, resembling 
those worn by Hindu women; the Sanskritisms in the names of Ameri- 

can places and persons noticed by Moore in his Oriental Fragments—all 

indicate a mysterious relation between the ancient Hindus and the early 
colonization of America, and invite the attention of the Society to the 
solution of the question whether or not Aryavarta, which sent forth the 
Celts and Teutons to people Europe, oe poured colonists into the New 
World long befora its existence was heard of in Europe. 

I have the most sanguine expectations that the rays of knowledge 
derived from researches into the antiquities of your own country from an 
extensive acquaintance with Vaidic and Puranic legends, and from the 
Saga literature of Northern Europe, the यअ nga of Iceland, hon the 
ancient annals of Greenland, which are bet ०६ published under the aus- 
pices of the Société Royale des Antiquaires du Nord—when combined 
into one focus, will illumine the dark vistas of tho primeval history of 
America, 


To the strict Benthamite, who would regard these advantages of the 
study of Sanskrit to be purely intellectual, and seek some practical utility 
to be derived from it, the Society can point out the present flourishing 
state of commerce between the United States of America and India, to 
carry on which it is indispansably necessary that your countrymen should 
be familiar with the language, manners, and customs of the people with 
whom they come into daily contact. But how are these to be mastered 
without some knowledge of Sanskrit, which is the source of almost all 
pe دواعي‎ of India, end which is the repository of the laws and religions 

the ust... 


Wishing every success to the landable undertakings of the Society, 


I have the honor to remain, Sir, 
Your obedient servant, 
Roja Babadoor. 





4. From ० Letier of John sie ४ 2.02. of Edinburg (to FE. 
lt, ह). 


fe eke _ ‘Edinburg, Nov, 24th, 1859, 
لج نه‎ was mentioned to me, some time ago, thal perhaps MSS, of 
عدت‎ Shere ا‎ 
= once to Mr. D. F. Me: to get him to 6 inquiries. I 
nothing in reply till the other pe: ake he was here, and told ma 


3. From a letter of Raja Rédhdkénta Deva Bahadur, of Caleutia, 


| (त्म, August Tist, 1853. 
woes Lavail me of this opportunity to express my high sense of 
the importance of the objects of the Society, and my admiration for the 
zealous and indefatigable exertions of your learned men, in surmownting 
the difficulties incident to a young nation, which lie in the way of many 
interesting researches into thn 16 antiquities of the Eust, = 0 

The Society, in conducting its rade د‎ jons in the various and exten- 
sive subjects of its study, bas just! ١ made عانم‎ and India the choicest 
fields of its inquiry: the love of knowledge for its own sake is alone 
sufficient to.excite 3 rational curiosity to examine the ancient monuments 
of Hindu learning, which have now formed an absorbing subject of study 
amongst the savants of Europe. " 

The comprehensive language of ancient India, which has been demon- 
strated to be the primeval stock of more than two-thirds of the tongues 
of the civilized world, and the study of which has formed a new era in 
philology ; her inexhaustible literature, which supplies a rich fund of in- 
tellectual entertainment ; eek rofound and diversified philosophy, which 
displays at once the source and the fullest developments of the Dialecties 
of Aristotle, the Atomic theory of Democritus, the Stoical doctrine of 
Zeno, the Metempaychosis of Pythagoras, and the bold flights of Plato's 
fancy ; her science, which contains all the wisdom of the ancients, and 
the germs of many modern discoveries ; her arts, fair specimens of which 
attract the traveller in the temples of Ellora and Adjunta; her varied 
forms of religion; her extensive legislation, and her commerce with re- 
mote nations of सथः एष्य भू engrossing topics for the Society's 
research, and although much light has been thrown on them by the en- 
thuginstic and persevering efforts of Euro open scholars, yet much remains 
to be learned and examined: the surface of the mine has only been 
skimmed over, the profound depths yet lie unexplored: the youthful 
vigor and energies f shied nation have been directed to thesa regions, + 
and the labors of your scholars will ere long be rewarded with the richest 
treasures. Foremost amongst the pega anticipated from such researches 
is the development of the science of Ethnography, which is now in its 
cradle. 


Independent of this general incitement for the study of the ancient 
learning of India, there ts a stronger and special reason which renders it 
the duty and interest of every American to devote his attention to this 
subject, inafwuch as there is a strong probabili 0 of its supplying some 
of the lost links of the ancient history of tha Western worid. 

The ante-Columbian annals of America, to which the learned Charles 
Rafn and the venerable sage Alexander von Humboldt have'directed the 
attention of the antiquarinns, point to the colonization of the American 
coasts by the Scandinavians, who have been very cleverly identified by 
Todd wits the ancient Kshatriyas; the ४ and Chandravansi Incas 
of Peru, their festival of Ramasitoa, and other Peruvian customs par- 
taking of a Hindu character, noticed by the Bishop of Llandaff, in a 
charge delivered by him to the Clergy and Archdeaconry at Ely; the 
Mexican temples थू the sun and moon, with altars having triple fire-vases ; 


004 Aiscellanies: | 


From looking at the subject in the light thus briefly indicated, and. it 
is Not necessary to detain the shia with more, [am impressed with 
the conviction that Ancient Oriental history has yet to be aera The 
very conception of its unity—or of the fact that it has such intrinsic and 
proper unity—has not appeared in any work that I have seen, 

Princeton, त, J., Feb, 1859. 


न भी 


IV. Extracts From Corresro 
1. From a letter of Rev, Justin Perkins, 2. D., of Ortimiak. 


Oroomiah, July 9th, 1887. 

+ . ५» .لل‎ Jabé, the Russian Consul at Erzroom, showed our friend a 
manuscript Dictionary in French, Turkish, and Koordish, which he had 
prepared by the direction of his Government, and which is soon to be 
| ates at St. Petersburg, Also, م‎ Grammar,’Chrestomathy, and Dia- 
in the same languages. The Koordish is that spoken in the 
region. of Van and Bayazeed. You are aware that the dinlects of 

Koordish are very numerous, The Rev. Samuel A. Rhea, our estecmed 
missionary in Koordistan, is paying some attention to the Hakkary 
Koordish, spoken in the region of his residence... . . 

We have sometimes speculated on the etymology of the name of our 
Province, Oroomiah. Tt may be, 1 think, composed of 22 ‘ land," 
and inoms ‘Rome;’ 1. €+ ‘land of the Romans,’ or belonging to Rome 
under the Byzantine mle—the’ same in fact as (६ t that the 
latter takes the Arabic prefix, instead of the Syriac. The Nestorians 
say that it means ‘land of water," i, ره‎ '‘well-watered district,’ from 
>>. and 5 this accords well with the actual state of the coun- 
try. i: क ज a 





2. From a letter of Prof. C.J. Tornberg, of the University of Lund 


| 5 Land, Sweden, July 19th, 1857, 
panes You will perhaps be interested to learn that I am now ee pane ri 
oe new volumes 0 of “ge el-Athir, so that almost the ha fan 
he more peel wer of the great chronicle (the years 205-998 
of the Hjira) will be in the hands of the learned भ) A stay at 
0 during the past year has me in possession of materials, not 
only for goes Hew portion, but nls ५ the revision of the text already pub- 
lished. A Latin version will accompany the whole. Lhope that + vol- 
ume may be rr lo appear during the course of next year. If life nnd 
health are granted me, ६) 1 one to take up-the first sections also of 
> 1 regard this labor as one of the problems of my 





J. Moffat on Ancient Oriental History. 578 


was under their control. It received a new impulse and loftier purpose 
from the great incresse and energy of the sons of Shem, and from the 
religious reformation effected by their means; and it was both finally 
united, and brought to its close, by the first great empire of the Japhetic 
race. The Hamitic nations, Egypt, Ethiopia, and Sidon, were the leaders 
of the epoch, who gave shape and general bearing to its character from 
beginning to.end. In the Intter part of their history they found reform- 
ers, rivals, and correctives, but not masters, in the Hebrews; Arabians, 
and Assyrians ; and the semi-barbarous Persians, in overrunning and eub- 
duing, contracted only the external gloss of the refinement, which died in 
their grasp, © Thou = Br Japhetic race first rosa to dominion within that 
region, it was elsewhere that they were destined to unfold a civilization 
क r to themselves, | | 
the history of that-epoch are to be found all the varieties of civili- 
zation which have their birth in the material habitation of'man, , . آلف‎ 
that refinement which is consistent with migratory life is illustrated in 
the story of the Hebrew वमा Egypt carried to the very last re- 
sults the genuine order of agricultural society ; and Sidon, with ber eol- 
| onies, gave the earliest example of the more liberal culture which sprin 
from commerce; while every. inferior degree of these styles was 40 be 
found scattered among the table lands, the valleys, and the senconsts of 
that most diversified yet harmonious country. 
` Moreover, when we consider its linguistic and ethnological relations— 
he Seton outside of its borders refer their origin to it—that 
Phy ysiologically they hold relations to those parts of it nearest to them— 
hat its languages refer themselves to a common centre, and stand as the 
types of the linguistic a grey its bounds—that the language, for 
example, of its central high as a, has thrown out descendants to both 
east and west, which to > recognize their affinity ; while that of its 
southwestern plain has as clearly perpetuated itself into Africa, as that of 
its northeastern plain opens out to the geographical conditions of the 
Turanian or sporadic groups of the north of Asia and Europe—it seems 
to me that the history of that region and epoch assumes not only a 
roundness and unity, but also a magnitude of importance, hardly equalled 
in any subsequent time. Its historical unity stands out the more promi- 
nent! 4 that its prosperity, wea op the first to flourish and the frst to 
fade, has never yet been resto mils 
To this epoch of civilization the Persians as the Romans to that 
of Hellenic growth. ‘They gave one master to its whole domain. And 
as the decay of the Roman empire was to the Hellenic epoch, so was the 
ae ey 
But the final blow was given by the cam श . Though 
the head of a “buat mee ea and destined to diffuse the civiliza- 





tion of which he was the champion, he came upon owls i of an- 
cient Orientalism as the Goth upon declining Rome, Though Hellenism 
did much good iu the east, and was widely diffused, it never took root 
there. The dark ages of the Oriental world, so قد عط‎ pertains to the 
original seal of its refinement, have seen no dawn; the learning of its 
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The region in which it flourished has well defined natural boundaries: 
on the weat, the great African desert, the Mediterranean, hd an, Hel- 
lespont, Propontis, ane Bosphorus; on the north, the B 0 Sea, the 
range of the Caucasus, the Caspian Sea, and aah deserts of. Tartary ; on 
the east, the Ala Tagh mountains, the Hindu.Kush and Himalaya range, 
os faras the Sutlej, and thence, the sanity, desert icp the east of that 
river and of the Indus, to the sea; nen the south, the Arabian Sea, 
the gulf of Aden, and the southern borders of Abyssinia. It is also.sym- 
metrical within itself, all its parta holding such relations as the parts of 
one body hold to that body and to one another. Its central element isa 
broad belt. of highlands, running from. north-west to south-east, beginni i 1 
on the shores of the + Sakti ا‎ ocoupying in its breadth the whole, 
peninsula of Asia Minor, and then of Armenian and Mesopotamin, and 
sucecssively extending over Assyria, Persia, Cabul, and Gedrosia, until. it 
terminates near cane western bank of the Indus, On either side of this 
great belt of hill coontry lies a vast) plain, bounded externally by the 
valley of a lange and navigable rivdr, and. partl uy intersected by two inland. — 
seas. On the south-eastern side, the plain is that which com 5 uta the 
deserts.of Arabia and the Nile valley, and the two seas which intersect it 
are the Red Sea and the Persian Gulf, The. north-eastern (वन is that. 
which contains the deserts of Turkomania, and the seas which intersect 
it are the Caspian and Aral. | 

Into each of these plains runs a great and fertilizing system of rivera,. 
connecting it with the central highlands, On the south-west,-that oe 
tem consists of the Euphrates and Tigris, with their tributaries, running 
down from the highest group p of mountains in the western highlands; on. 
the north-east it is that of the Oxus and Jazartes, with their tributaries, 
which gather their waters from the highest summits of the eastern bigh-. 
lands. ‘The features of the north-eastern plain face southward, and those 
of the south-western, in view of the same particulars, in the main, face 
TS tient bas: varied, | 

6 Fie hw us at once symmetrical and varied, bound to- 
gether by great natural bands: it ia one. | र 
Both on the east and on the west, its southern side rests upon the val- 
ley of a great river, which feeds a rich belt of arable land through a des- 
ert to the sea, On the cast, the Indus—-on the west, the Nile, present a 
geste ا‎ nature श their course, their magnitude, the 
countries through w y flow, and the antiquity of human history 
ग RES 
us limi 4 natura! boundaries on every side, and symmetrical 
within itself, this bapps region was also possessed of great ध of 
pas. It comprehends every variety of climate belonging to the tem- 
perate zone, and, with the exception of some. mountain tops, and of Ethi- 
See 0 spared all the extremities w hich ५ lie beyond 
1 is this region Which was the oldest historical abode of all threa 118 ` 
(9 : 80 far 83 history knows, it was their prim- 
itive home. Within its bounds they “cultivated and ripened their first 
epoch of civilization, and saw its decline, That epoch began with the 
supremacy of the sous of Ham, and for more than fiftec, hundred years 











It rests, therefore, with those who feel called in the Providence of 
God to literary pursnits, to press Into the wide and unexplored fields 
which this veneralde language, with its immense literature, tiene zents. to 
an earnest explorer, France has long gloried in men whose knowledge 
of Chinese has been both extensive and thorough; and now, year t 
year, her scholars are making valuable contributions to the general fom 
of human knowledge. Repa 

The citizens of our Republic abroad are happy to see the commence- 
ment of a higher standard of literary attainment in our country. We 
are proud to mention the names of many of our countrymen who are 
known wherever there are scholars: we are proud to hear from men of 
other lands the respectfol mention of not a few eminent for science and 
literature. We trust that this number may be continually swelled. The 
pursait of wealth has drawn down to the merely material too many a 
soul capable of better things. Many an illustrions example has shown 
that even deep لاسا‎ 18 no bar to th + pursuit of learning. It will be 
a happy day, when even worldly wisdom shall have charms enough to 
attract men away from all the pleasures of were or political honors. 

The new relations of China to the nations of the West seem to de- 
mand that something more shonld be undertaken, by those who ate so 
extensively ass apg in missionary and mercantile operations with 
that land, te cultivate an acquaintance with the language and literature 
of China. The ب‎ must be attractive to १ 11.14.13. 
the grammarian, while the literatore, thongh meager and feeble in com- 

parison with that of Enrope, ancient and modern, is yet vast, and not 
devoid of many clements of attraction to one who loves to trace the 
1 of the human mind under differing conditions of development 


progress. 
Shanghai, Aug. 9810, 1858. 





111. Ow toe Natura. Loos op Ancrent Onrexrat History. 
BY PROF, JAMES MOFFAT, D, DB; 


Presented to the Society Oct, 27, 1859. 





The field of “Ancient Oriental History has hitherto, so far as T know, 
been trested as if possessed of no natural boundaries in either time or 
oe Conventional limits have been sa to it, merely because, 
the convenience of both writer and reader, the Orient must be as- 
sumed to stop somewhere, and the ancient to stop somewhen. * 
Contrary to this prevailing notion, 1 find an epoch of history most 
५ oe perly styled Ancient Oriental, which is by natore singularly circum- 
geribed, both chronologically and ethnologically, as well as by the rels- 
jons and boundaries of its geograp रा 
That epoch of civilization which flourished between the Deluge and 
the fifth century before Christ was both uniqne and harmonious in its 
strle, and rounded and complete in its duration, passing through a 
natural matority and decline, 
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seen eee عد وسرت‎ from what is said above pages Williams's 
work is to be regarded as having reached a point in Chinese lexicography 
which virtually precludes future efforts. The original design was not 
to construct a lexicon on scientific principles, and to exhaust the whole 
field thus laid शाः Such a plan would have defeated any hopes of an 
immediate ‘supply for the existing wants. Accuracy, copionsness, clear- 
ness, definiteness were the ends songht after, and in a very high degree 
secured. But the dictionary which shall embrace all the literature of 
3000 years, in all its well defined divisions—which shall lay hold of the 
original thought contained in every word, and trace it through its 
changes during centuries, and under all ee of a changing 
civilization—which shall do justice to the peor مويو‎ of different sects, 
in their ५ inal character and in their modifi ee after mutual 
friction and collision—which shall give due weight to historical elements 
which 0 and revolutionize च न भक ge—which shall arrange and ex- 
plain the technology of a crude a sles sidiculows scienee—who can- 
not eee that this is not yet a possible thing! Local dictionaries, special 
lexicons, monographs, essays, translations, and especially new and more 
thorough sabe مسر‎ ‘igations, must precede even the first inception of नाह) an 
undertaking. If Hebrew, Greek, and Latin are सल now just beginning 
to be illustrated in scientific dictionaries, how much more time must be 
given to च language in which only the rudiments have yet been mas- 
tered! In China there is 8 select number of works whieh may be com- 
pared with Assyrian inscriptions, for the dee اي‎ which en- 
shrouds them; there are the later classics, on which the Chinese have 
multiplied commentaries beyond number; there are countless works in 
poetry, in Sg ae In science, In politics, in history, in religion ; 
there is a style of loftiest conciseness, the acme-of he attainment ; 
there is a conventional style of fine writing, the standard of the exam- 
Inations ; there is a style all ss blic documents, a st ied of simple compo- 
sition adapted to the comprehension of pear reons of limited education; a 
style of ordinary life, conversational, colloquial: each of these presents 
words under some new phase, * Each of these styles must be separately 
studied, and from the comparison of all the true idea of every word be 
at last deduced. The lifetime of no man will enable him to compass 
all this labor, and as yet the materials are pid ie wepared for any one by 
collation and comparison even to draw the outlini 

But it 0 farther عدم‎ that, while China has been an isolated land in a 
very peculiar sense, it has also been brought into contact with wild 
Tartar tribes Sie i and with Indian monks throu ye the introduc- 


tion of Budd sae in such way as to influence the e. The 
يا كفي‎ of Mongol, Manchu, and Sanskrit 15 9 neccessary one to the 
peasfal lexicographer, 


The aah انم لوم‎ of what has been done in the way of siding begin- 
nors in the study of Chinese has been done by ५२५ The very 
employments of these men lead. them to. undertake certain investiga- 
tions which may contribute to. final result, but their time is too much 
occupied with weighty duties to permit them to be so absorbed in their 
ماع‎ व to produce perfect works, either in grammar or 
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the aid of forty years’ study of the Chinese, both in Europe and in China, 
the contributions و عسات‎ practical scholars embodied in a variety of 
works, The very ies of the ease would have compelled an’ ad- 
vanes and an improvement. But besides this, he brought his: own 
acquaintance of spre Leela the lan and his wide Eat of 
general na, in addition to mbined treasures of his 
predecessors, we have new stores of definition and illustration, and ‘in 

तवक neular an unrivalled نعمه‎ n the ease of terms of geography, 
$ here previous writers had to content 
smselves with saying, a river, a tree, a‘fish, or an insect, Dr. Williams 
has labored to fix upon the exact place, locality, and individual; or on the 
troe technical name in every ease. A cursory re oat of lis work 








The size of his work will probably not prepare those who have been 
used gnified portliness of De Guignes and Morrison for the 
statement that no other dictionary is so fad! in its definitions, and this 
‘not only in the abundance of synonymous expressions, but also in the 
shades and changes of anne ए this particular it is mach in 
advance of any other. In the selection of phrases, the most important 
pe of - Chinese lexicon, it is ee in advance of any other simi- 

work, examples from the classics, from ordinary styles of 
composition, १५० provertial expressions, and from colloquial ८ 


prevented the insertion of all the Chinese characters, the bank tk of 
which is often very difficult, But notwithstanding this draw >, 
illustrations य न) value to the student, and in the Canton 





The Dictionary contains about 7800 characters, 8 number which, ff it 
docs not include all that will be met with in ordinary reading, yet omits 
only a few of unnsual occurrence, the meaning of which can ji Chinese 
works generally be found in a commentary. Parts‘ of the Sue 





The list of proper names, which does not embrace thosa that ‘have 
become ‘extinct, ix useful in China, and may be interesting elsewhere. 

The Index according to radicals has been very ee pee भः 
and is believed to be very reliable in respect to the radical 
of strokes as there given, and as an index to the Dictionary 

The various information given in the Introduction is also both inter 
esting and accurate 

To any one, therefore, who feels attracted to the stady of a lan 
which, in spite of ita traditional difficulties, has not been without ‘nt- 
tractions to a: large nimber of Fem wg scholars, it may with تدمع‎ 
dence be said, that by the use of this volume many rongh places 
will be smoothed, and many’ an abyss bridged over, ‘aud many fields 
of thought and investigation made accessible. To اطنط‎ one it may 
be 8 kindness also to mention that in the Chinese Repositery, xviii. 403 
etc., 657 ete., may be found a very full list of works relating to China 
and its language. 
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best stated by saying that with his we have been trained all the schol- 
ars Who in this land have as yet extended the bounds of our knowledge 
in this tongue, His dictionary has been the common fountain to which 
all have as yet resorted to obtain the دع م‎ Wer < णः Still his 
work was not perfect, and when the im een me nearly exhanst- 
ed, there was a double call for some farther efforts in this path which 
he so successfully travelled. | 1 : 

3. Dr. Medhurst published at Batavia a translation of Kanchi’s Die- 
tionary, in two volumes. This work was reasonable in price and not 
Inconvenient in form, and on the whole has been a great assistance to 
many vy ents, thongh not free from sé@rious errors. 

4. M. Callery, a French न ublished a ious yocab- 
ene arranged on a new principle, the definitions in Latin, and the 
whole designed rather as an introduction to the 


1 yelopedia 
which he undertook to publish, a translation of the Th قز‎ men- 
tioned above. This work is searce and has been but “4 mes used, ee 

5. (0 प्त priest and professor in the Co Tege 8 
د يع‎ at Macao, published a dictionary im Chinese-Portuguese, and 
one in Chinese-Latin, with the corresponding parts in Port-Ch. and 
Lat-Ch. These works are valnable and erudite, But the language of 
the former is so little known as to interfere much with its use; and he 
created a new difficulty by rearranging the radicala of Kanghi on a plan 
of his own. But little use is made of any of his labors. 

Besides these, there is a Dictionary of the Fub-kien dialect, by Dr. 
Medhorst, of little value, and a small vocabulary of the Tie-chin dialect, 
by the Rev. Mr. Goddard, which contains only very brief definitions, 
vip any A sain orexamples. ` | 

Chis was the state of anise rs when, in 1849, Mr. Williams began a 
translation of a small manual of the Canton dialect, of which he gives 
an account in his introduction, The design was at first only to produce 
a vocabulary, of perhaps 200 or 200 pages, But after १ roceeding as 
far as the syllable Fa, the materials on hand, and the evident desirable- 
ness of a more complete work led him to enlarge his plans in such a 
way a8 to produce a book of 900 pages, the first 40 pages having been 
rewritten so as to make 72 pages as published. The work was extend- 
ed through more than eed ears, partly on account of the suthor’s 
absence in the American expedition to Japan under Com. Perry, partly 
because it was only a seco occupation for a part of the time, 

It was originally undertaken as a direct help to those speaking the 
Canton dialect, and the sounds of the characters are therefore con- 
formed to that local pronunciation, * The to the students of that 
dialect is so great as to outweigh all objections from the limited use of 
those sounds, especially as in the ease of every dialect the difficulty 
from the use of the sounds of even the general language is just as great. 
2 This dictionary was by no means deprived of any advantage which 
° Gonsalves threw away, when he refused even to look at the work of 
another. It professes to have gathered all that is really valuable in all 
the five works above mentioned, and from whatever has been written 
eed ye of joucography that was within the author's reach, As com- 
red with the works of De Guignes and Morrison, Dr. Williams had: 
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.. The book is the production of one of the missionaries of tle Ameri- 
can Board, who at the time of its publication hal been twenty-three 

ears in China, and who is well known as not only a ककर بع‎ but a 

apanese scholar, and a naturalist. His: introduction to the public, 
سي‎ his contributions to the “Chinese Clrestomathy" published by 
Dr, E. (~. Bridgman, through the “Essay Lessons in Chinese,” the “Eng- 
lish and Chinese Vocabulary,” and the “Middle Kingdom,” gave assur- 
ance that a work such as this now under notice would be marked by 
accuracy, research, and availability. This assurance has been fully ८ 
ized, and in,the small, portable manual, whose appearance 60 contrasts 
with the bulky volumes which ase constantly associated with ghe study 
of Chinese, we have not only the most convenient, but.the most valusble 
aid yet furnished for the attainment of the ees langru 8 

1 he student of Chinese is now quite liberally furnished with helps 
in the form of grammars, translations, chrestomathies, and dictionaries. 
Tt is with these Inst only that we shall now have to deal, in order to 
Perens the value of the work of Dr. Williams, 

_ The Chinese themselves have given much attention to lexicography, 
and have investigated. the, composition, meaning, and use of the words 
of their language ina very complete manner. -In the Chinese Reposi- 
tory, उष्ण, 433-459, may be found ५ list of 218 separate works collected 
in the Imperial Library at Pekin, Of these, however, but few are ever 
consulted by the foreign student, and for general purposes abaya 
not over four or five are worthy of mention, And among these, two 
have a رصي لوصف‎ ae ep these are K‘ing hi tsz tien, or the Dic- 
tionary com p | by Order of Ranghi, generally bound in 39 or 40 
volumes, and Pci wan yuen fi, or the Thesaurus of the Chinese Lan- 
guage with the same arrangement as the preceding, but with copions 
ustrations from all Chinese classical literature: 9 notice of this work, 
as well as. of a proposed translation, may be found in the Chinese Re- 
pository, xii, 300 ete. | : 

lt is needless to ba that the benefit of any native dictionaries is con- 
fined to the advanced scholar, and cannot be felt by the begitner. 

- Of dictionaries by foreigners, besides several small vocabularies, very 
limited in their*range, and generally very hard to obtain, there have 
been 0 عه‎ in the general language, and two in local dinlects. 

1. The large folio known as the Dictionary of De Guignes, with a 
supplement by M. Klaproth. This very bulky work was published in 
France, under the patronage of Napoleon L, and contains definitions 
in both French and Latin. It is not without value, thongh it was soon 
superseded by the more complete werk of 

2. Dr. Morrison, This monument of his industry, patience, and 
leartting is contained in six quarto volumes. Three are devoted. to the 
sarang’ ement under the radicals, according to the 5 stem of Kanghi 
The first of these is exceedingly full, يدج‎ \ besides the matter ap- 
क to a dictionary, many translations د‎ ony 18 illustrative and 
explanatory. The fourth contains a selection of characters arranged- 
alphabetically. This is the most useful portion of the work. The rest 
ts ‘i en up with indexes and an imperfect English-Chinese part. Dr 


Morrison's claims to the grateful ac 5 owledgments of posterity may. be 
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3. The noun or pronoun expressing 5-5-6 abject ‘of in action precedes 
the verb by which it is governed: र. رع‎ ‘They him rejected '؛‎ ‘God the 
earth created,” # । 


4. In like manner, the noun or adjective which. forms the predicate 
of a sinple proposition ia placed between the subject: and th € verb: 
ag, * 1 ty iad weal? ¢ [ a man am.’ ध 

5. Most remarkable of all is that the circumstances of time, place, 
order, and frequently also of manner, means, and instrument, are placed 
at the beg inning of asentence, Thus, instead of saying, as in English, 
५“ A Greek, in consequence of a १८ originating in the use of wine, 
killed an Egyptian yesterday with a pistolin one of the streets of this 
city,” an Armenian would say, “ Yesterday—of this city—of the streets 
—one—in—of wine—the tse—in—originating—of a quarrel—in con- 
sequence—with a pistol—a Greek—an Egyptian—killed;” or, “a Greek, 
ia 1 soy jan. killed.” 

To gum up the above particulars—a compler sentence in Modern عم‎ 
प्रहा इण gathers up first oll the circumstances of an action, as 
time, place, and order, frequently also १ manner, means, and instru- 
ment 1“ these admit of more latitude in their collocation); then 
follows the subject, with its attributes; then the object with its attri- 
butes; and last of all the verb, ‘The last verse of the Book of Leviticus 
10 English reads thos: “These are the commandments which the Lord 
commanded Moses for the children of Israel in Mount Sinai.” In Mod- 
em Armenian, the first word of this sentence is ‘Sinai,’ the second 
pred the third ‘in,’ the fourth ‘of Isracl,’ the fifth * the children,’ 
and the sixth ‘for,’ boi ण exactly the reverse of the order in English: 
The rest reads ‘of the Lord—to Moses—the commanded command- 
ments—these are.’ In the Ancient Armenian version; the order of the 
words of this sentence is precisely the same as in English. 
This remarkable change in the structure of sentences in Armenian is 
unquestionably to be attributed to the influence of the prevailing lan- 
guage of the country—the Turkish, in which the inverted order seeins 
to be idiomatic and natural. The dialect spoken by the Armenians jn 
Persia and India approaches much more nearly to the style and idiom 
of their ancient tongue. क 
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` One of the most note-worth phenomena of language which have 
come under my observation is the inverted construction of sentences in 
the Modern Armenian language. Essentially the same prevails in Turk- 
ish, What is specially worthy of notice in Armenian is, that the con- 
struction of the 42. language is almost the reverse of that of the 
modern ; and that, notwithstanding the fact that the ancient dialect has 
been, up to the present rel Vy exclusive language of books, and 





continues still to be preferred by many Armenian scholars as the Ian- 
guage of scientific works and of epistolary correspondence. 

A striking illustration of the feature to which I allude is furnished 
by many passages in the Old Testament, where the order of words in, 
the Ancient Armenian version is precisely the same with that of the 
Hebrew original, while the translation into the present spoken Armenian 
ean be written directly under the Hebrew sentence, commencing at the 
left under its last word, following word for word the inverted ofder of 
the original, and ending at the right under the first word of the Hebrew 
sentence, * 

This inversion is not, like that of classical Greek and Latin, » matter 
of emphasis or euphony, but enters into the structure of the language, 
and is an essential feature of its syntax. I will endeavor to Mustrate it 
in. a few particulars. 

1. All the words which بطي‎ ft with our prepositions (excepting 
one or two, occasionally borrowed from Ancient Armenian) are postposi- 
tions. Thus, instead of ‘concerning it,’ the Modern Armenian says ‘it 
concerning ;’ instead of ‘in the house,’ ‘the house in;’ and that, not 
merely in the case of syllables suffixed to form the oblique cases of 
nouns, but also in the case of separate words, 

2. The particle which corresponds to our definite article is a suffixed 
letter. In this the Armenian agrees with some other dialects, both an- 
cient and modern, as the Dunish and Albanian in Europe, and the 
Chaldee and Syriac in Asia, Thus doon is ‘house,’ dodma ‘ the house ; 
genitive dan, emphatic form dénii ; dént vrayov, ‘concerning the house.’ 
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same author which Colebrooke (Hind. Alg., p. v; Essays, i. 422) com- 
laina that he had diligently sought after in vain. From the manner 
which Whish eels of it, we should be inclined to draw the lat- 
ter conclusion, although nevertheless not regarding the other as inad- 
missible, In either case, the discovery of this curions invention of 

Aryabhatta’s in the work now under consideration is an additional proof 
of no slight force and value that it really represents the teachings of its 
allered author, 

We regard it, then, as established beyond all reasonable doubt that 
Bentley's Laghu-Arya-SiddhAnta js the same with the work called the 
Dacagitika, attributed to Aryabhatta, and containing, of the doctrines 
ascribed to its reputed author by later Hindu authorities, as far back as 
Brahmag the larger and the more characteristic and 
portion. The other Arya-Siddhinta, judging it from the account given 
of it by Bentley, appears to be, in comparison with this, 9 quite ordi- 
nary astronomical treatise, representing the general Hindu system with 
unimportant modifications, Of mal resemblances or connections 
between the two, euch as should | 1908 independently to the suspicion 
that both might come from the same hand, we have been able to dis- 
cover none. Yet it seems clear that Brah pta and others have 
treated them aa works of the same anthor, nr ave founded, ध their 
discordances a charge of inconsistency nga inst Aryabhatta. the 
application, by so late an authority as Gapeca 2 by the scribes of 
mannscripta, of the equivocal title MahA to the Arya-Siddhinta and its 
author, implies any distinct recognition on their part of the existence of 
more than one astronomer of the name, does not appear to us alto- 
gether certain. Yet we cannot refrain from joining with Mr. Hall in 
the belief that the Arya-SiddbAnta, even if rightly ascribed to A a. 
bhatta, is the work of another and a more modern hand than that 
which wrote the other treatise. If both treatiaes were so much older 
than Brahmagupta that in his time the memory of their distinct origin 
could have become dimmed or obliterated, this is an im 1 
mony to thelr common antiquity, It must be a matter of much inter- 
est to deduce the tue relation subsisting between the two; and then, 
farther, to determine whether the يت‎ ee مده‎ Was composed 
before the final settling down of the genera du astronomical system 
into the form it has’ ever since worn, or whether its anthor had the 
boldness and independence to deviate from that aystem after its estab- 
ध, do we think {> لم‎ of fe baer treatise gives fairer 
prospect of throwing valuable light upon the early history of the Hindy 
astronomy, than that of Bentley's “ spurious Arya-Siddhinta,” or the 
Dagagitika of Aryabbatta. जञ, 7, श. 
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the Virthl-Sanhiti ascribes to Aryabhatta Neer ope Res., xii: 
244; Essays, ii. 410) the determination of Jupiter's revolutions in # 
Great Age (mahdyuga) as 364,224; this is the number given in our 
treatise, and in Bentley's Laghu-Arya-Siddhinta; that found in his 
a مخف‎ fa-SiddhAnta is 904,219.68, | ahi a 

fhe agreement of the value of the sidereal solar year derivable from 
the work in our hands with that adopted in a part of Southern India 
as upon the authority of the Arya-Siddhanta has we te been noticed 
above. The value assigned to the same period by Ben ley's Arya-Sid- 
dhanta is slightly different (see above, p- A Eg = १4. 

Finally, we learn from an essay ee by Whish, in the Transae- 
tions of the Literary Society of Madras for 1897 (and reproduced, in 
the main, by Jacquet, in the Journal Asiatique for Angust, 1835: we 
cite it from the latter, not having accesa to the original article), that 
Aryabhatta had devised 3 certain peculiar method of representing num- 
bers by means of the letters of the Sanskrit alphabet*, a method which 

ह caanyist goes on fully to expose and illustrate. He states it to be 
derived by him from » mathematical work, named, after its author, the 

r Ist ittlya, and containing 123 stunzns, divided into 4 chapters, 
This method of notation appears in the treatise which we are consider. 
ing. ‘The five verses referred to above as interposed between its third 
and fourth chapters give an eXposition of the system, and, in the follow- 
ing chapter, the numerical data, such as the numbers of revolutions of 
seh dere is, are given first in this form of notation, and then in the 





usial Iethod. Morgover, after the signature of the work, the numbers 
of revolutions of the pluncts, including the moon’s apsis atid node; are 
once more given in Aryabhatta’s peculiar notation yet, as anight be 
expected, notwithstanding this repetition, it would be Impossible to re 
store, from the manuscript alone, the true forms of these brief algebraic 
expressions, Thus, for instunee, for ey, which Cipresscs 4,320,000, 
the number of the sun’s revolutions in a Great Age, the MANNSCTIpE 
offers the first time oma, and the second सयव ; und others are yet 
worse corrupted. The question प्न; itself, whether Whish’s Arya- 
bhattiya is the same work with the Dacagitika*or Laghu-Arya.Sid- 
dhinta, or whether it is one of the general mathematical works of the 





= M. Reinand (Mémoire sur I'Indo, p. 209 ete.) derives from this fact the alte. 
0 mistaken tnference that, at the time of Aryabhatta, the Hindus had not yet 
ovented their syatem of aetna employed te scene notation. He farther notes the 
fact that the works of Brakmnag Pro ents i र et ل سياد مالم‎ the 
wae of such figures ; although we net understand hy that, ot 
their period also, these were not known and used in India. repo, hn had, 
pprebension, if any, of the exceeding pertinacity 
and circumspection wit ag hich, in certain भून iments, the Bction of an entirely 
memorized and orally tranenitted literature is ke 8 up in India, all allusion to 
written texts, characters, or ws aah (, {1.1 اممو‎ excluded. We doubt wheth- 
er it might not fhirly be inferred from the whole early astronomical literature, but 
for external evidence and the erguyientem ex tapoanbili, that the Hindus of its 
pee riod could neither write م‎ cypher. An eminent Indinnist (Prof, Max Miller, 
his History of Ancient Sanskrit Literature, p. 600 ete.) has, from similar evi- 
dence, drawn a like conclusion with respect to the later Vedie period; but, as we 
cannot. but believe, with equal fallacy. / 







however, but a very imperfect a 
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circumference of the circle—the diameters of the earth, sun, and moon 
(those of the other planets we have not yet succeeded in tracing out), 
and the “ orbit of the wind دعوب"‎ all here, as Bentley gives them. The 
pessace cited by Bentley as referring to the Brahma-Siddhinta and to 
Bra ण la. 15 not, of course, to be found: on internal grounds, more- 
over, we should regard at present as very questionable ita authenticity, 
a4 of the treatise in question, | 
We will now proceed to inquire how far the doctrines of our treatise 
Pains ond with what has elsewhere been handed down as tanght by 
Arynbhatta, The peculiar division of the Great Age (mahdyugu) and 
constitution of the lon (04), described by Brahmagupta (see Cole- 
brooke, as above) as Aryabhatta’s, are here given. The treatise begins 
the Zon with sunrise at Lanka, a tenet whieh distinguished the a ool 
of Aryabhatta from that of Pulica (see Colebrooke,'as above: also Es- 
says, ii. 427, ct al.). It affirms the revolution of the earth on its axis, 
and the non-reality of the apparent daily motion of the stars, compar- 
ing this to the effect of riding in a chariot, when fixed objects seem. to 


be moving in « direction contrary to that in which the chariot is pro- 


ceeding (see the reference to this point in Mr. Hall's paper) sae 
clares the moon, planets, and stars to be naturally dark, and only illu- 
inated upon the side which is turned toward the sun (sce Colebrooke, 
Hind. Alg., Note G; Essays, ii. 467), The variability of dimensions 
of the epicyclea of the planets is recognised, although the agreement 
between this treatise and the Sirya-Siddl hinta herein is not so close as 
Colebrooke (As, Res, xii. 230; Essays, ii, 401) seems to have understood 
it to be: perhaps Colebrooke's reference here belongs rather to the 
other Arya-Siddhi nta The passage repeated solo Co عع‎ (Hind. 
Alg., Note 1; Essays, ii, 473) from. Bhatta-ut on Variha-mibira 
is almost precisely represented by the first verse of our third pdda 
its evidence, however, is of little account, as it relates to a matter so ` 
general that it mi ge occur in nearly equivalent terma in almost any 
treatise; Colebrooke is mistaken in attributing to it any necessary 
connection with the het rnd of the precession: the position of the 
équinoxes would be described by 8 Hindu astronomer as in the first of 
Aries and of Libra, whatever his ae face ting the important fact 
of their movement slong the ecliptic. The doctrine oe the pre- 
cession attributed to Aryabhatta by Munic¢rara and others (see Cole- 
brooke, As. Res., xii. 212; Essays, ii. 378, ot al.j)—namely, that the نايت‎ 
noctial points librate 578,159 times in an ناما‎ (kalpa) throu gh an arc 
of 48°—appears from Bentley (11०9. Ast, .م‎ 140 etc.) to belong to 
the more extended treatise, and not to the Laghu-Arya-Siddhinta, In 
connection with the latter, Bentley makea no mention of the precession, 
nor have we as yet succeeded in discovering anything about it in our 
treatize, whee $e we would not venture aR aay with entire confidence 

ere. It seems, then, altogether probable that Cole- 
brooke's a ya (23 above) is well-founded, to the effect that the 
libration of the equinoxes may be tanght in the Aryishtacata, and not 


‘jn the Dacagitika, ae h.we cannot regard as of force the particular 
_ Feason he assigns for it, since the equinoxes are by no means likely to 


have been treated كه‎ nodes by the early astronomers, A scholinst upon. 


that it is not 
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first place, that مط‎ 
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Note on the Laghw-Arya-Siddhanta. 561 

The treatise is a brief one, containing oy about 150 stanzas, It is 
divided into four chapters, called pades, of which the third is, in its sig- 
natare, called the “fourth,” so that we may ` perhaps have only a frag- 


ore ए, Se It is certainly imperfeet at its commencement, as the 
first leaf, and a little more, of the prese resent MS. contains the calculation 
of an ahargana, or “sum of days,” which has nothing whatever to do 
with the work itself: the first verae given of the latter is numbered 6. 
There are, however, five verses interposed between pédas three and 
four, and numbered independently, which may possibly be thoas which 
are “gap ak ing at the beginning, 8 and the name given to the divisions of the 
work is at least stron gly indicative of only a fourfold division of it: nor 
does it appear, from the general scheme of contents, that any indispens- 
able part of a summary astronomical treatise is wanting. Unfortunately, 
the text is very badly corrupted and incorrect, so that, after the rather 
hasty study which we have as yet been able to give it, much remains 
obscure to us in its contents. Tt most unequivocally lays claim to being 
5 commentary on the DucagitikA of Aryabhatta: the latter, and no 
other np, + 8 Te 






peatedly spoken of in its verses, and its concluding 
stanza is as 


with some emendations) : 
بي مج ع‎ 


^ Bhata-Vishno (?) hath thus comprehensively explained — having 
learned it by the favor of his teacher—the Dagagiti text-book, of very 
obsenire meaning, formerly seh. ligated by rae ol 

There can be no manner of doubt, now, in ti 
text of which this work isa metrical paraphrase is that described by 
Bentley aa the Laghu-Arya-Siddhinta, 19 nearly every particular re- 
ferred to by Bentley, it agrees with his authority. The numbers of 
revohitions of the planets—the order in which the latter are constantly 
named—the commencing of the present “Kon a with Thorsday, 
and so that of the last Great Age (mahdyuga) with Wednesday, and 
the current Iron Age (kali yuga) with Friday—the number of Shits 
reckoned as م‎ lapsed eil since the beginning of the Aon, with that of the 
days contained in them—the statement of the positions of the apsides 
and nodes of the planets directly*—the ratio of the diameter to the 


* Tha positions assigned by the treatise to the apsides and एच are as follows: 


al 








Sun, ऊन 189 - 
Mercury, 7 عون هن‎ 
13 enus, 28 هد كاوق‎ ao” 
Mars, ॐ 26" m عون‎ 
Jupiter, . ` & a0” ॐ Jo? 
>» 36" ॐ 169 


Bentley 1 (म. itions of the बर्न, ,, . are com عرد له-1‎ 
the 0.1 the genuine Arya-Siddhinta” ‘The latter we have given 
abore (under i. 41-44 of the Sdrya-Siddhiinta): it will be seen, on comparing the 
thatthe data of the Laghs Arye-siidiines ete ise true; ard moreover, 
अ 1 
is صا‎ लाणः, The positions o | on | are sely accord. 
ant, to degrees, in the two treatises, : 
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Mr, Hall has conclusively shown, in the foregoing r article, that the 
work described by Bentley, under the title of Arya-SiddhAnta, is not, 
as suggested by Colebrooke, a modern impo rei but that, on the 
contrary, it had been quoted by Colebrooke himself, at secorid hand, as 
by Aryabbatta, and is, by citations and references in the works of later 
Hindu astronomical writers, sufficiently attested as being, in their opin- 
ion, truly ascribable to that ancient and famous authority. He bas farther 
made it at least a probable supposition that the treatise in nis, in 
conformity with Colebrooke's earlier conjecture, to be idon thea with that 
so often credited to Aryabhatta by Be name of ना+. Now on 
comparing the data furnished us from it by Bentley with the sketch of 
Aryabhatta’s system sty af Brag Colebrooke (As. Res., xii. 248; Esanys, ii. 
414), npon the authority le Sp a Se tc and his commentator, it will be 
seen that the two are quite discordant with one another: so much so 
as to render it unlikely that both should be productions of the same 
teacher. But the reader of Bentley will also notice that the Intter 
speaks of another Arya-Siddhinta, which he denounces as “ spurious,” 
proving it in detail, very much to his own satisfaction, to be a mere 
modern manufacture, although it lays claim to the title of Laghn-Arva- 
Siddhinta. The futility of the “Fe uments with which he assaila its 
authenticity is, however, in part palpable at first sucht, in part evident 


_ upon a slight examination, nor is his opinion upon the matter of astraw's 
Weight as authority. On the contrary, the peculiarities which, aceonding 
to his statements, distinguish the work, are such as attract to it at onoe 


a high degree of interest, as one which, in some important क 
is unlike all the other Hindu astronomical treatises ‘of which we have 
thus far any account. This interest is increased, as we note that its doc- 
trines agree, so far as we can compare them, with those attributed to 
Aryabhatta by Brahmagupta. Again, the number of civil days stated 
by it to compose a Great Age (mahdyuga), of 4,920,000: peg and so 
its valuation of the sidereal solar year, agree with those which Warren 
(Kila Sankalita, pp. 7, 70) states to be adopted through a great part 
of Sonthern India, “upon the authority of, the hoe iddhinta.” It 
sermed to us, then, not undesirable to add, if possible, to Mr, Hall's paper 
upon Aryabhatta and his works, some anore piurtieular information re- 
epecting this other Arya-Siddhinta, and especially in view of the sug- 
gen finally thrown out by Mr, Hall, that there may have been more 
= one astronomical anthor of the name. And having observed, in 
Weber's Catalogue of the Berlin Sanskrit Manuscripts (No. 834, p- 232), 
that the Berlin 1 contained a treatise which purported to he ॐ 
coe ary on Aryabhatta’s Dacagitiki, we took the liberty of beg- 
ging ing from the distinguished author of the Catalogue some notices from 
this manuseript In reply शः our appl ication, he has, with the most 
obliging kindness, cop = us the whole work, so that we are nble to 
es य of its character, and to settle many of the 
كه ان‎ , reson themselves to c 5 in ‘cor ~ 
+ ५२ hin res ما‎ our minds in connection 








भूरेवाचृत्यावृत्य प्रातिदेवचिको उदयास्तमयो सम्पादयति नक्तन्रगरदापाम‏ تب جوم 
Again, Colebrooke—Miscellaneous cine ii. 378, foot-note—‏ 
notes, through Munis‘wara, from A’rya Bhatta’s A'rydshfas'ata,‏ 9 
do not find the quotation in the A’rya-siddidnia. That this‏ 1 
Colebrooke‏ عه treatise bore the second title of ait rad ender is,‏ 
rests, not impossible, My less tive copy of the A’rya-‏ 
idhénta, which contains five hundred and sixty-two stanzas,‏ 
has omissions indicated at several points. Of their extent I can,‏ 
of course, say nothing. | os‏ 
The passage referred to, by Mr. Bentley, at p. 126 of his‏ 
‘Historical View,” as being in the fifteenth section of the A’rya-‏ 
siddhdnta, really occurs there, Further, 1 have traced to their‏ 
places in the A'rya-siddhdnta parts or wholes of three ष‏ 
adduced in Munis'wara's Aferichi, a commenta my on the Siddhdn-‏ 
ta-s'‘tromani, as from the Laghu-drya-biatta-siddhdnta ; and two‏ 
couplets+ as given in the same writer's gloss on the Lilivati, and‏ 
A’'rya by name, I have not had the same suc-‏ 6( للد there‏ 
cess ag touching a couplett vouched by Bhatta Utpala, in his‏ 
annotations on the Vérii/i-sanhitad, chapter xvii, and attributed,‏ 
by him, to A’ pg irya 4: Bhatta,‏ 

Mr, Bentley's MS. of the A‘rya-siddhdnia, as by him described, 
corresponds punctually, in the way of hiatuses, with one of my 
own copies. 1 

Tbe mathematician بو'ععجةة)‎ as before observed, in making an 
extract from the A'rya-siddhdnta, qualifies its author's name by 
the prefix of Maid. This may, or it may not, have been de- 
signed as equivalent to Vriddia. On the first hypothesis, it was, 
perhaps, an oversight; unless A'rya Bhatta reproduced, in some 
more mature trentise, still to efmerge, the very words which he 
had employed in an earlier performance: but there is no neces- 
sity for surmising that he may have done so. For, as reference 
is made in the A'ryn-siddidinta to Vriddha A'rya Bhatta, there 
should seem to have been two writers called A’rya Bhatta. Se- 
nescence not peeve youth, the term Vriddha, when used of an 
author, must be susceptible of the same extension of import to 


which it is subject when applied to homonymous kings. Not to 
repeat myself on the verbal nicety here adverted to, I remit the 
reader to cr oie to the Visavadatii of Subandhu, pp. 49, 50, 
in the Bibliotheca Indica of the Asiatic Society of Bengal. Our 
A'rya-siddiinta had, for its writer, A'rya Bhatta Junior. 

Troy, N. ¥., 11. 5: A, March 1, 1800. 
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* Beginning, severally, कल्य सुवादीनां, 391558951, and 7515/5511 
¢ Which commence with स्मतं and 7557227, respectively. 
‡ 75 first words are रेताः प्यन्ति. 
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analysis (dija), and the rest of the science treating of seen* ob- 
jects.’" Algebra, etc., p. 112, foot-note. 






सार्धं Wed स्याच्च हृदः प्राल्लामृस्रलेषु । 
प्राल्मल्यादीं हाते Gag धनं देयम ॥ 


“ The following passa 000 A‘rya Bhatta is cited by Ganes'a 
in bis commen ayy on the Lilévat : ‘ ‘oe “pian ays breath 
[or len ath] and thickness, in fingers, bein taal 1 by in- 
nd इ 8 ons, and divided by five hundred and seventy-six, 
the quotient is the (phala) superficial measure of the cutting, 
poe the timber be نمم كر‎ (Mimosa catechu). If the wood 
pra. ( ), Sabaka (Tectona grandis), &c., the 
divisor should be put three hundred and fifty: if the wood be 
/ambu (Bug: enin Verto’ Hija (Citrus medica), Kadamba (Nau- 
clea orientalis and Cadamb), or Amli (Tamarindus Indica), it 
should be twenty Jess than four hundred. The divisor should 
be two hundred and fifty, if the timber be ५410, Amra, and Sa- 
rala (Shorea robusta, Mangifera Indica, and Pinus longifolia). 
If it be S'4lmali (Bombax heptaphyllum), चठ, the divisor is 
two hundred. Money is to vie ee according to the divisor.’ 
Algebra, etc, .م‎ 815, second foot-note: and see ibid., p. 102, 
foot-note, : 
Only one of my eae ts has any porte of these last 
verses ; the first line and a There 1s here a break in my 
copies. 
Colebrooke— Miscellaneous नकु) , 11. 892—translates, in these 
words, from A'rya Bhatta as cited by Prithidaka Swamin: 
“The sphere of the stars is stationary; and the earth, makin 
a revolution, Aa the daily rising and setting of stars aed भ 
पि lane is eg Malta according to Pc etd, 
t I have not sou 5 tout the passage in my MSS, of the A’rya- 
siddhdnta. The <A'rya-siddhinta being metrical this extract 
might go to prove that A’rya, besides his works in verge, wrute 
للضم‎ | ne did we not know व there was a second writer 
so named, Moreover, our A‘rya Bh: argues the fixedness of 
the terrestrial orb. The words are ८ : esis 





eo ` 
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न “Seen, or physical ; as opposed to astrology, which is considered to be con 
४ 





On the A'rya-Siddhinta. 587 


forthcoming : he did not understand Sanskrit, and therefore he 
was very liable to imposition: his notions, not to say prejudices, 
were well known to the natives who attended him: and he was 
as likely as his friend Col. Wilford, to have fabrications imposed 
ne kim.* According to the quotations of authors, mk nie 

ka and Das'agitika were the titles of A’rya Bhatta’s work 





and not 6. siddhénta. It is, in all likelihood, pseudonymous.” 


Mr. Colebrooke had previously said: “ A’rya Bhatta was au- 
thor of the A'rydshtas'ata (800 couplets) and 4 (ten 
stanzas ١ known by the numerous 0 of Bra pta, 
Bhatta Utpala, and others, who cite b th under these respective 
titles. The Laghu hah ye aes as a work of the same author, 
and, perhaps, one of those above mentioned, is several times 
oi ४1 Bhaskara’s commentator, Munis’wara.” Algebra, etc., 
Note G; or ४ „ 11. 467. 

Two copies of the A’rya-siddhdanta,T both (<: and very 
incorrect, have come into my possession. This treatise is in 
eighteen chapters; and I more than suspect it to be the same 
composition which Mr. Bentley also had seen ina mutilated form. 
T shall 3 roceed to verify it by a few extracts, professedly from 
Arya Bhatta, which occur in the writings of various mathemat- 
ical commentators. And first among these extracts I place those 
that were known to Colebrooke, though he was uninformed as 
to the particular work whence they were derived. 

211111111111114 चापम्‌ । 
। व ممم سيره هم ملسا ماسلطلل‎ chapter, 

“The following rule for १ the are is cited, by Ganes‘a, 
from A'rya Bhatta: ‘Six times the square of the arrow being 
added to the square of the chord, the का of the sum 1s 
the are.” Algebra, etc, p. 90, second foot-note. 

५५. = = = A passage £ 
doctrine of the planets, arit 


® Mr. Bentley had written: “I think Mr Colebrooke, like my old friend the late 
Col. Wilford, and perhaps many others, was on oo by bis crafty sol 1 miant 
who studied hia inclinations and bis wishes, and, from knowing the bias of قلط‎ sen- 
timen thereby enabled tn practice, with security and advantage to them 
selves, their 1 as ran ature of furged and interpolated hooks, which they produced for 


him, or in Fy to obtain, na might a) feces an to answer thelr purpose. 
A 0 eal View of the Hindu Astronomy (Caleatta edition), p. 189, foot-nute. 


A'rya-siddhdnta, opening verse, 
a Bhatta....: ‘the multifarious 
metic, the pulverizer (kuftaka) and 








+ Inthe ५ n to one of my eoples, the work ذا‎ called Mahdrya-siddhdanta ; 
elsewhere, Afi ररपं १ In my other copy I find = चनव pix 
or seven times, and MaAd-siddhanta of ite a Bhatta thrice. The angiountative 


ithet Maha eee eee oe د‎ be is cited by Gant But see 
Seeks ened cf thie article. | : by Ganes'a 


| + 
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ARTICLE VII. 





ON THE ARYA-SIDDHANTA. 


Presented to the Society May 17, 1860, 


As all Indianists must be apprised, the illustrious Colebrooke 
and the splenetic Mr John Bentley were diametrically at vari- 
ance in their views of Hindu astronomy. 110 reopen this sub- 
ject is not the purpose of the present sas paper. If Cole- 

rooke was ce febrated for circumspection and accuracy, his ee ظ‎ 
ponent was equally remarkable for taking up theories on insuffi- 
cient warrant, for rejecting them with erat caprice, and for 
unrelenting animosity to all that dissented, though but implli- 
citly, from his indecisive conclusions.* Difference of 3 inion, 
however unobtrusive, waa, indeed, a thing which Mr. Bentley 
was unable to abide. It is well known how many of his vaga- 
ries dissolved, one after another, before the scholarly research of 
his unintentional rival; and, in measure as they dissc his 
wrath only grew the more vehement. Ina volume which was 
written shortly before his death, be finally attempted to make 
good against Colebrooke a foolish fable that he had been the 
victim of a gross deception, A spurious Brahma-nddhanta had 
been १ upon his willing credulity. Small pains was re- 
ce 1 to disprove this silly 1 ctfon; but, in reprisal, the gener- 

ly imperturbable Colebrooke was moved to prefer a counter- 
ch ange. grounds 1 A ie here راان‎ to examine. 
ight retort on Mr. Bentley,” = छ Colebrooke, “that the 
ya-suddidnta, described, by him, m the third section of the sec- 
ad part of his posthumous work, is notimprobably a fabrication. 
No one but himself has yet seen it: the manuscript of it is not 












= Since writing the abore, I “# Since writing the shore, T pereive that T ave iam manner iterated (h F पन्य ‘the 
म lebrooke, who says: = Mr. प ae 119 
ا ا ا‎ erg A peter By 
authority of conclunkies respecting astrugomly, hor concede to 
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Greek Inscription from Daphne. 555 


We su 0 the following rough translation. 

*[A. B.] having, with strenuous effort, made very clear demon- 
strations, many and great, of his [fidelity and म to पड 
and to the public service, and ae spared neither his life nor 
his property fur our interests, but having managed also as was 
proper the things put into his hands, and, for the rest, conduct- 
ing himself in a ध worthy of the services before rendered 
by him to the public interests—/iim we desired, indeed, still long- 
er to keep employed, ke دصي‎ with us in many things. But 
भ n heh ringing fo [as ground of excuse] his feebleness 
of ir the result of his continued hardships [in the public 
service], and requesting that we would permit him to be at rest, 
that for the remaining time of his life he may be, without inter- 
ruption, in good health of body—we complied [with the request], 
desiring in this also to make manifest the preference which we 
have for him. So, then, that for the future also he may enjoy all 
things which pertain to honor and reputation, shall be our care. 
Since now—as the high-priesthood of Apollo and Artemis, over 
the [holy] carvers and the other sacred offices of which the conse- 
crated grounds are at Daphne, requires a man of friendly feeling, 
but one who will beable to preside in a manner worthy of the 
zeal for the place which our ancestors had and we [now have], 
and [worthy] of the veneration on our part for the divinity— 
since now we have appointed Aim high-priest, with charge over 
these things, eto 2 ع‎ that through him, above all others, 
the manngement nging to the sacred offices would be con- 
ducted as it ought to be—[therefore] take order to inscribe 
him in the records as high-priest over the sacred offices set 
forth above, and to honor the man in a way worthy of our 
judgment, and, if he call to any duties, of such as appertain to 
these things, that those who are engaged in the sacred rites 
should co-operate with him, and should bring together on the 
spot the rest who ought to render service, charging them to obey 
in whatsoever he may write or order—and, farther, to have the 
copy of this letter inscribed on pillars, and to set it up in the 
most conspicuous places.” भ 

The contents of this 1050 + little commentary. 
We will only remark that a class of persons, named duirgol, are 
mentioned in an interesting 1 assage of Porphyry (De Abstinentia, 
ii. 80), as havin ए in the annual sacrifices of the Athenian 
Diipoleia. See K. ए. Hermann, Lehrbuch der po سور‎ cies 
Alterthiimer der Griechen, § 61. 20, and W. Smith, Dictionary 
of Greek and Roman Antiquities, ufder Diipoleia. 

ices ber pee ا‎ Sater the learn from Mr. Morgan that 


possession he 
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FHIANAPPAPHNA[ISERAITHIEUIZTOAHS 
TOANTITPADONEIZS THAAZKAIANAGEIN 
ENTOIZENI@ANESTATOIZTON ذا‎ 1 


AKP AIOY 14 
In the copy of Oct. 19th, the first two lines are given as follows: 


4 4.7 JEN HIN 
THEEIZSHMAZKAITA PAr A 7.18 ^ FIONN 


Daphne, the place of this inscription, was celebrated in antiquity 
for its magnificent worship of Apollo and Artemis, which was 
tablished here by the first Seleucus of Syria, and continued for 
more than six centuries, until the temple was Cars ed by fire. 
the reign of Julian the A pune An elaborate and glowing de- 
scription of the त lace and its worship may be found in Gibbon’s 

ecline and Fall, chapter xxiii. A more recent account has been 
+$ by the distinguished K. O. Miiller, in his dissertations 
De Antiquitatibus Antiochenis Gottingae, 1829), p.4lete. The 
inseription before us relates, as we might have expected, to the 
worship of these د عن‎ (क, It is a document which recites the 
7 الور و‎ of a certain persun as high-priest of Apollo and 

irtemis, The letters at । tha foot ap pest to gt ive its date, as the 
14th day of Dius (the first month of the M onian year, which 
seems to have commenced in October), in bey ear 124 of some 
era—most probably, that of the Seleucide. If so, the document 
belongs to the autumn of 189 B.C., when the Syrian king, An- 
tiochus the Great, had come to the thirty-fifth year of his reign, 
one year after his decisive overthrow by the Romans at Magnesia, 
and two years before his yiolent death. The authority, individ- — 
ual or corporate, 5 which it was issued, the officer to whom it 
‘was addressed, and the person whose appointment to be high- 
priesthood it sets forth, must have been named at the beginning 
of the inscription, The illegible first line seems « nite insufficient 
for all these designations: we can hardly hel p bel हश “bea one 
line at least, and perhaps two or three, have lost altogether. 
Possibly they may have been engraved upon another stone, sur- 
mounting the one which contained the lines here copied. Not- 
withstand ine the difficultics of which Mr. Morgan speaks, the 
first line of his copy is the only one which cannot be read with 
tolerable certainty. In the 5 owing restoration, we have been 
pide by suggestions from President Woolsey and Professor 
Gibbs. 
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the other Nov. 23rd, 1859. The latter of these copies 35 repre- 
sented in the following limes, though in some instances we bave 


sup lied its imperfections by Jetters (which we enclose in brackets) 
xa from the copy of Oct. 19th 


4 ५ *# JPN 4114 
THIEISHMALSEAI— A fz أر‎ 
AAZKAIMEPAAAZTANOSE [1] [ENO] MENON 
EKTENQIKA[TOYTETHIY [धम [ETRNV|YHAE 
5 XONTANIESEIZMENO [ENS TAHMINE YMGEPONTA 
AIEZATHOXOTASEKA E[M|XEIPIZGENTAATTO 
NILHNTPOLTHKRONKAIKATAT|4|4A0TTAATOMENOW 
aINETAN[ O|POYMHPPMENNNE AYTOYEIZS TAT 
IPMATAHBOTAOMEGAM[EN |E[T]E 2 YNEXEINI YM] 
10 APAZTONTAHMINEOAAA [L4] AYTOYHPOGEPO 
MENOYTHNUEPITOZOM[AlZ [F]ENHMENHNAZBE 
NELANSATATAZ EZ YNEXEIZKAKOTAGIALAZIOYVI 
TOLTTEHMALTEASATAYTONE|G|HE XLALS TENE 
0.701.425 TONENLAOINONXPONONTOYEO LAr 
15 ZUAETNEZENEYETAGEIA TOYEAMATOITIE) 7 
77 141 YMNEPIHN[EX]OHMENOLAO[LN [11514 15 
031012 ادنك‎ 7 14411131 011517171111511 01311511111519 
TONAIPES NINAMENOYNKALIZTOAO 
ONTYTAANALITANTANTAN EIS TINANE 
20 OFANANNKONTANHMINEDTTAENIMEA 
JIEIAHTHEAPXIEPRIEIYNHZTOYANOAALNO 
AITHSAPTEMISZ OZ TANAAITTANKAITA 
AAARNIEPRNANTATEMENHEZTINETI 
JADNHINPOLTJEOMENHTANAPOSHIAOT 
25 WHEOMENOTSENPOLTHNA AZ RETHS 
| HEPTOTTONOYINOYSHIH[N|EZXONO 7 
FONOIKAIHMEIZKAITH E HMANTPOLTTOSEION 
EYSEBEIAZANOAE EXAM NATYTONAPX 
EPEATOYTANNEr = WNOITHNTIEPITAIEP 
309 ET ADAOHNMAAIZTANALATOYTOYEYN 
TEAESGHTELTGALJEONTRIZYNTAZON 
ENTETOIZAXPHMATIZMOIZKATAXAPIZEIN 
AYTONAPXIEPEATA NAESHADMENDNIEPAN 
FAMIPOTIMANTONANIPAAEINE THIHME 
85 TEPALDRPIZENZTKATEANEIZTIVNADAPAKAA 
TAN ANHPONTANEIZ TATTAZYNEMIAAM 
-BANELOAN|TOYETENPOSTOIZIEPUIZTINOM 
= © ~ اماد اد 2 1 1-20 ا أمظ‎ (22 OYE RAGHEKEIII 
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2 young man with me to assist in cleaning the stone. Many of 
the letters were exceedin ely indistinct, and some of them I could 
not make out at all.. Indeed, I should not have been able 
.to copy nearly so much as I did, if I had not adopted a plan 
suggested by the young man with me, He first blackened the 
whole surfacewith ink, and then, after it had well dried, eponged 
the surface, which left the letters considerably १ than 
before. * * * Should the inscription prove to be of value, 
and there be any necessity for it, 1 would take the time to ex 
examine the stone with more care, I send also a fac-simile of 
the first part of the 23d and 25th lines, to show you the size and 
style of ae من‎ | 
_ IT have said that the stone was dug ai in a garden at ५ 
The immediate apie gives every evidence of having been the 
Bite er important buildings in ancient times, The whole surface 
of the ground is covered with fragments of pottery, and bits of 
wrought marble. There are two other stones near by with frag: 
mentary inscriptions, one of which be gins with HEOYAH in 
large, handsome letters, It consists of a half dozen lines of ten 
or twelve letters each, which evidently ran off upon another 
Mone placed by the side of this, which stone is not above the 
Pr of we ground, „1 it ar tabs There are also several 
ragments of granite pillars ne 0 fe se, two Years aco, was 
lying by the side of the road, and upon the edge of a bit of 
rather handsome tesselated pavement. The part that was then 
visible has now been destroyed, probably by some treasure-hunt- 
ing Fellah, There are also in this same garden a large number 
of blocks of stone, which evidently once formed a water-course. 
They are about two feet in diameter, and twenty inches or two 
feet in i Se with a perforation about six inch es In diameter, 
Each block is made with a circular projection corresponding to 
an indentation in its next neighbor, after the fashion of water- 
1९8, They have evidently been cemented to each other, though 
[ can see no calcareous deposit showing that a were used any 
length of time, which would certainly be found if the Daphne- 
water had flowed through them. The external surface of all 
was finished with evident care. Some of them are fluted longi- 
tudinally, as if they had served for columns. So much about 
antiquities for the p resent. There is ‘a great field here for minute 
investigation; but I have little time to give to such employments.” 


i entleman addressed in this letter sent it with the enclosed 
copy of inscription to Professor Gibbs, who at once recognized 
the interesting nature of the Greek text, and wrote to Mr. Mor- 
gan, begging him to give the stone a new and more complete 
examination. In return he received ل‎ a ies further, evi- 
dently made with great eare, one of them dated Oct, 19th, 1859, 


ARTICLE VT. 


Sa وي بيس سي سقس “ال‎ la 


A GREEK INSCRIPTION FROM DAPHNE, 


NEAR ANTIOCH, IN SYRIA. 





Br JAMES HADLEY, 
 FLOFESOR OF GREEE I) TALE त्वाह 


Presented to the Society May 10, 1859, 


For our स of this remarkable inscription, we are indebted 
to the Rev. | अः . Morgan, a missionary of the American 
Board in Syria. The following extracts from a letter addressed 
by that gentleman to a friend in this country contain an account 
of the stone which bears the inscription, and of the circumstances 
under which he made his first copy. He writes from “Bitias 
(Antioch), July 28rd, 1858." 
` . “Enclosed I send you a copy of an Sd 2 7 I have 
found in a garden on the ancient site of Daphne, I have reason 
to believe that it has not been copied before. It is ५ a few 
years since it was dug up, and although I have been at the भ ot 
many times, I have never heard from the Fellahs, that any Eu- 
ropeans but myself, and those whom I have taken there, have 
seen it, Indeed, the whole inscription cannot have been copied ; 
for one half of the stone was covered with a calcareous incrustn- 
tion which I was obliged to chip off. he stone is a very cam- 
pact limestone, 0 portion of it which is covered by the in- 
scription is 17 x 80 inches, and there are about six inches of plain 
su below the Inst line of letters. ‘The end below is ron gh 
and narrowed, as aie fit into a mortice, to hold it in an upright 
position. Neither the edges nor the back of the stone are pol- 
ished. in eight or ten inches thick. I have been for nearly 
2 year trying ९.8 get it Into my possession, so as to remove it to 
Antioch; but the owner of 1 he garden at last got such high no- 
tions of its value, that I made up my mind to obtain the best 


copy I could on the spot, I went out two successive days, taking 
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these villages adjoining Kalahandi,* have fraudulently, by brib- 
ery, obtained from the hand of Deu, a slave of the sovereign of 
Gadhinagara;} foundation of credit in it is not in any wis: ‡ ما‎ 
be admitted; as they have not even so much ground as coulu be 
pierced with the point of a needle§ | 

In Samvat 1225, | on Wednesday, the third dey of the dark 
semi-lunation of Jyesthha, the feet of the great chieftain,** 
the fortunate Pratapa Dhavala Deva, governor of Japila,++ an- 
nounce the truth, as follows, to his sons park na, and others, 
bern of his stock: With ee st to this vile copper grant of the 
villages of Kalahand{ and Badapila,tt surreptitionsly P knee 
on giving a bribe, by sundry folk of goodly staves and ploughs, 
from Deu, a slave of the lord of Kanyakubja, the fortunate king 
Vijayachandra ;§3 dependence is not to be placed on it. These 
Brahmans are altogether reprobates, They have not even soil’ 
which the point of a needle could penetrate. 

Mindful of this proclamation, you will collect and levy ||| the 
proprietor’s${ share of produce and the like.*** 

The son of the great king.+++ 
Saugor, February, 1868. 











9 As remarked by Colebrooke, the short vowel at the end of this name च+ 
changed for a long one, where tha word is repeated further on. 
+ Gadhinagara is called, below, Kinyakobja; or Kanoj. > 


रीवा سم‎ ¢ two stanzas renders it impossible to mark the beginning 
the second, without taking in moch of the first. The prose which follows is ع‎ 
paraphrase of what has preceded. 
| Colebrooke has 1229, , The Samvat year T2258 correspands to A.D. 1168, 
© This singular the hee ae shows the dignity of the person concerned, A 
or of his ancestors, 
Colebrooke has Japila, which, be says, is 2. portion of the district of = प्रवतत 
4. 
+ * Badayité,” according to Colebrooke. ~ 
ci perio handra was the penultimate king of Kanoj. See the Journal of 
74 سس يه‎ Boapal fr 1058. p 318 क, 





Instead Colebrooke has: “Signature of the great Rajaputra’ (king 
cs नन्‌ ” My copy of the origins! must, لهسا ف‎ be 
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नात्र प्रतीतिविषयः परितो विधेवः 
मृच्यग्रनेव्यमपि Wrest न तेषाम्‌ ॥२॥ 

संवत्‌ १९२१ eae ३ वुधे नापिलाधियतिमदा- 
THA श्रात्मवंशोद्रवानां पच 
परौत्रादीनां وك‎ कययति। देतत्‌ सुदृण्डरूलीवल कषे 
द्रा TAMAS कृताम्रमानोतं काना 
तत्र प्रतीतिर्न कावा। सर्वया, PICT प्रमी दिनाः। 
rasta भूमिर्न तेषामस्ति। इति स्नावा स्वामि- 
भोगादिकं 2117121 विल्लप्स्यघ चेति। 


TRANSLATION. 











> 


Well be it!* Prataps Dhavala Deva, everywhere possessot 
of eminent and extensive renown, addresses his kindred in these 
words: As for that paltry cop per ‡ grant which certain Brahmans 
—sprung from men of goodly staves and. ploughs$—living in 


Oey, कव्यास षष, म 








* Hindu inscriptions very commonly have an auspicious vocable, as siddhem, 


riddAi, of measti, prefixed to them, Inthe present instance, the word ia نمدم‎ and 
is part of a verse, Still 1 conceive that it must be taken aa an interjoction, Tole. 
ग क rendering the combination سات‎ | 
ily "وعدت‎ a form of exprossion त have never seen a precedent = 
चमन का the अध ध 9 स, = 
5 Colebrooke represen 9 “wholly.” a meaning of whicty it is سج مع عنام‎ 
tible; but he joins tt, unnaturally, with the next word, dena, ‘This term क णु. 


ly व्ण. Tt is never employed in the construction which Colebrooke here Benes, 
1 My.copy has kutdmra twice, where Colebrooke's bad Autdmbra, 1 fear that 
Major प [02 1. 2.7. १ 1 ee 
(व my copy, ब्वत्त; ति place of which tha prose has العام موطسه‎ yet, 
! ke gives meafukela and न्न اأمفموعم‎ 19+ In my चमः 
bere again suapect adulteration at the hands of Major Kittoe's pandit, The original 
should seem to have been wrested, eo as to yield a sense in keeping with the rest 

hinting that they were mere rustice and lmsbandmen, and lacked the a ppropriate 2 

literature of their tribe. ५ | 
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Thai, of the stock of Gautama, one share, And the appropria- 
tion of this village you are to respect and maintain. 

You must have heard the sentences, delivered by Vyasa and 
others, encomiastic of the presenting of land; as for instance: 

1. By many kings, such as Sagara and others, the earth has 
been enjoyed. His, ever, whose 15 the soil, is 165 produce. 

2. The result, generally, of all gifts whatever affects bul a sin- 

‘ gle life; but the recompense of bestowing gold, land, cows, and 
slaves, attaches to seven courses of existence. 

8. Let one confer land that has been tilled by the P lough, or 
sown, or that bears a crop: while the worlds, ope y the ser- 
pent, subsist, does such a one receive honor inelysium. = 

4. He that receives land, and he that bestows land, both, as 
performing acts of merit, assuredly go to the regions of bliss. 

5. A hundred thousand years does the donor of land abide in 
paradise; and for even as many is the disseizor, or the furtherer 
of dissetzin, consigned to a place of torment. 

6. Not by a thousand sacrifices, nor 5 hundred hippocausts, 
nor by the gift of a hundred thousand kine, does the usurper of 
land make effectual expiation. ' | 

7. Whatever offspring of a stranger may be monarch, when 
my race shall have become extinct, I clasp his feet; sung thet 
he will regard my donation. Rice. 

` This grant of the village was engrossed by the pane Salak 
shana, son of the Thakur Arjona. As for there being in it a 
letter too few, or a letter too many, it is, still, complete authority. 

The autograph of the auspicious Virasinha, great king and 
chief ruler, the victorious, ts subscribed.* 


V Ixscrrprion No. IT. 
वस्तयद्रतप्रवितकतिधिरः 1 
देवः प्रतापधवत्नौ वदति स्ववंशम्‌। 
MATT RAMSAY 
विप्रैः ]ميج اجن‎ Sa AT ॥९॥ 
SHA गाधिनगराधिपदासदेउ- 
SRM कुताम्रमिमकं PTA । 


* Anarrow, poluting to the left, is traced at the end of the writing, om the 
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auspicious Lakshmi* Devi; son कुत successor of the fortunate 
S‘aradasinha Deva, very potent,t supreme sovereign, gion king, 
chief ruler, and lord paramount, son and successor of the fortu- 
nate Gaganasinha De si great king, chief ruler, and lord para- 
mount: Rae vi wit due esteem ‘acquaints and enjoins, as 
follows, Brahmans most excellent, and persons of influence, 1 ‘3 
ale‘s, heads of ascetic communities,t and all 1125 most respectable 
se dwelling in the within-mentioned village. ॥ 
it known to you, that the village herein specified, notorious 
under the name of Babida—as far as all its zone-like limits; 
with its forests, lines of trees, and habitations; with its groves of 
mungoes and madAtikas; with all its grass, ss, wood, and wilds; in- 
eluding whatever is Be rodoced from the heavens to the regions 
१ the earth; free from rigorous penalties, ०० 
and the ten offenses; a place here the ingress of robbers is 
prohibited; P rovided with the eighteen classes; exempt from the 
Payment of share of produce, tax, money-rent, and the like erac 
tions ; its four boundaries being ascertained - ge? ure motives; 
ona lucky day; we standing in water mentally meditated as sym- 
dolizing the Ganges and other great rivers; after the touching of 
gold, sacrificial grass, and water; for augmentation of the merit 
and celebrity,$ in this world and in the next, of our oon ts and 
of ourself—has, by us, been allotted, in preseribed form, to Go- 
vinda, a householder, of the stock of Kas'yapa, two shares;|| to 
fis brother, Padmanabka, one share; to Kes'ava, one share; to 
Chaturvedi Rama, of the stock of Upamanyu, one share; to 
Kes'ava, one share; to Nirasinha, one share; to Lakshmana, 
one share; to Sath,] of the stock of Bharadwaja, one share; to 
Damodara, of the stock of Kas'yapa, half a share; to Kes‘ava, 
half a share; to Panchhihila, of the stock of Krishnatreya, one 
share; tothe ee Gopati, of the stock of Kas'yapa, one share; 
to Mahasona, of the stock of Atri, one share; to 51, of the 
stock of Bhrigu, one share; to Nant, of the stock of Krishné- 
treva, one share; to Mali, of the stock of Bharadwija, one share; 
to Chamara, of the stock of Kapishthala, one share; and to 











ee ane Here 1 give the old form for the modern of the original, Lakhani, as is the 
The scholar will observe other like substitutions a Tittle further down. 
اسن ان رض ني 1ر0‎ poviiee’ to the Sanskrit of this ex- 
$ The designation of these monastic superiors is mahanta, which is impore Sans- 
krit. Seunded as 44 see et ५ ory 
8 572717 has been corrected from न्नं 
The word is employed, throughout this. instrument, in an acceptatio 
aie Peta ployed, throughout this instrument, in an aeceptetion 
| ‘This name, and several ethers to come, not being Ganekrit, have rather 
plexud the inscriptionist, as subjects of \uflectioual د ل لهند‎ 


5 
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TTS APPA च तान्येव नरकं 37 ॥५॥ 
-वागानां च सक्सेण BAIT च। 
गवां णशतसद्धस्रेण मूमिरूती म्‌ Tate ॥ ६॥ 
TEN परि्तीणे परवं्यो «पि वो भवेत्‌ 
aise पादयोलप्नो Att पालवविति nen 
लिषितमिदे ग्रामशासनं ca itz 
सललकेन Aer 12721915197 वा तत्‌ 
सर्वे प्रमाणमिति। 
मद्ारानाधिरानश्रीमटीरपिंदस 


TRANSLATION, 








विन्रपिनः स्वद्धस्तः। 


Om! Glory to Nariyana! 

In the year 1177, on this current day, Sunday, at the moon's 
conjunction® in the dark fortnight of Adritika, here, in the great 
fortress of رديه اقم‎ | ura, ¢ £ auspicious Virasinba Deva: an 
earnest worshipper of Vishnu; a zealous relay y of Brabmans; 
compasionate to the indigent, the helpless, and the miserable: 
whose figure is graced with an assemblage of numerous merits; 
diligent in deferential attachment to the lotos-feet of his father 
and mother; veracious as Yudhishthira; for heroism, the most 
sup rising, equal to Bhimasena; like Arjuna, eminent among 
archers; a parallel to Karna, in having acquired fame by his mu- 
nificence ;+ like Duryodhana, very superb; like the lard of beasts, 
unrivalled in prowess; who has illustrated the entire orb of the 
earth by the radiance of his renown, in resisting the encounter 
of legions of elephant-like enemies, hard to be repulsed when they 
aero amis ae of weg 2 sun to the lilies in the lake of 
the happy Kachchhapa-ghata lmeage; supreme sovereign, great 
kin chief ruler, and lord paramount; whose person नि 
rived from that mine of gems, the womb of the noble queen, the 





णजा क्न्य ا‎ 





* The original has, = Sasa, 
† On the plate ॐ ज्वागाितातित?, .A repetition, datected when inchoate, was 
left: هذه »هن‎ 
VOL. 11+ 20 
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पद्‌ \ उपमन्युगोत्राव चतुर्वेदीामाच a \ केणवाच 
धद्‌ ATR धद \ लषमणाव पदे १ मार्‌द्रानगोत्राच 
से पद्‌ \ काश्वयगोत्राय दामोद्राव पद्‌ on केशवाच 

१९ ०॥ कृष्णात्रवगात्राव Fetters Fe ९ ATTA TAA 
¶ गापात पद्‌ १ त्रत्रिगो्राव मद्धसोण पदं \ भार्गवगो- 
त्रा णीले पद्‌ \ कृष्यात्रेवगोत्राच नानू पदं \ भारदा- 
THAT माल्ये पदं \ कपिष्टलगोत्राय चामरे पदं १ 
TRA SAT पद्‌ ९ Tee स च मवद्विरनमत्तव्य 
ञ्रनघालनीवद्च । 

यानि च नूदानप्रणंसावाक्वानि व्यासादिमिः प्रणीतानि 
Wale: श्रुतान्येव aa 

TSP मुक्ता राजभिः सगरादिभिः। 

रत्य स्व वदा भूमिस्तस्य तस्य तदा फलम्‌ ॥१॥ 
द॒नानानक्नन्मानुगं फलम्‌ । 

लाटकत्ितिगोनणां सप्तनःमानुगं फलत्तम्‌ ॥२॥ 
रत कृष्टा ART दव्यात्‌ सवरीनां शस्यणालिनीम्‌ । 
पतत्‌ सपनृतान्‌ लोकान्‌ तावत्‌ स्वगे मीयते ॥१॥ 
भमिं च प्रातगह्णाति Tey भूमिं प्रवच्छति। 
मौ तौ पुण्वकमीणौ नियतौ स्वर्गगामिनौ ॥8॥ 
TTS स्वर्गे तिष्ठति भूमिद्‌ः। 
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रव मद्धामानी मृगेन्द्र उवाप्रतिमपराक्रमः समर्‌- 
211010111171 
णःस॒धाधवलिताषिलमरीमए्टलः ग्रीमत्कच्छ्यघाता- 
न्ववतर्‌ःकमतमातण्टो मराराताधिरात्परमेश्चर्रीगग- 
नसिंकुदेतपादानुध्यानप्रवलधरममट्रारकमद्ारानाधिरान- ~ 
एमेश्ररश्रीणदरदतिंरदेवपादानध्यानपरः परमराज्ञोध्री- 
सपमदिवीगर्मरनाकरोत्यत्नमाणिक्वमूतिः परममयूारक- 
मद्धाराताधिरानपरमेश्चरश्रावार्‌ ae विनया ST 
स॒चितग्रामे AU बलिरानमक्‌त्तप्रमुलसमस्त- 
TUT वाद प्रतिमान्व सम्बोधयति समाज्ञापयति च। /“ 
विदितमस्त॒ भवतां Tara: प्रसिदो बवाडो 
ग्रामः नेनमेबलावलयययत्तः सवनवत्तमातलाकृलः 
साम्रमधकारानः समस्ततृणकाष्टाटवीवुक्त श्राकाणशपाता- 
लनीयोत्यत्तिलमेतो मरादण्डद्रोदधदणापराधपरिवर्तित 
प्रतिषिदचौरपरप्रवेणो “टादरप्रवलीसमन्वितो वथा- ८. 
भागमोगकर्‌ हिरण्वादिप्रवेशः Aaya: AAA 
पुव “हनि मनोनुध्यातगङ्भादिमदानदीनले किर्ए्यद्भा- 
arias विधिवत्‌ पित्रोरात्मनघेदधिकामुप्मिकयु 
एववणोभिवृद्ये ऽस्माभिः प्रतीतः काणवपगोत्रावारधवतः- 
धिकगोविन्दाव पदे २ भ्रातुपद्मनामाव पद १ केशवाय :: 









Wi 
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and of the Kauthuma-chhandoga ;* Vilisa Swimin, of the stock 
of S'andila, and of the Kawhuma-chhandoga ; Bhima Swamin, of 
the stock.of Vasishtha, and of the Kauthwma-chhandoga; and 
त Swimin, of the stock of Gautama, and of the Kauthwma- 
Ahandoga. 

Thus aware, 4 you successive residents, dwelling in the vicinity 
of the town of Chitra, under authority from owr regal honse, 
humbly giving attention to ovr mandate, are; moreover, fitly to 
pay to these Mes Brahmans, In such proportion as is equitable, 
all share of 1 rodpies, tribute, money-rent, and similar impositiona. 

Hone in the year sixty-one,+ on the second day of the moon's 
increase in Chaitra; the deputy} in this transaction being Kal- 
nee and these articles being drawn up by A‘dityadatta, fecial.g 

1. He that wrongfully resumes وام‎ iven by himself, or giv- 
en by another, turned to.a worm in ordure, with his forefathers, 
ae peat: १ Fg cat 1. 

man nes, Sagara and others, earth 9 én- 
joyed. co Lier. whose is the soil, is is produce, 

3. Sixty thousand years does the giver of land rejoice in 
heaven; and even as many does he that confiscates and, or 
abets its confiscation, abide in a place of torment,| 

Prosperity ! | 


\/ Ixscrirtion No. II. 
श्रीम्‌ नमो नारावणाव। संवत्‌ ११७० कार्तिकवदि 
FAR AAMT दीनानाघकृयणन्रनवत्सलो .नेक- ` 
गृणगणालङ्तणदारः पितुमनातुपादान्वन्सुग्रहणपरो 
युधिष्ठिरवत्‌ सत्यवादी मीमतेन इवा्त्वदुतवीयेी रतन 
र्व धनुधराप्रेसर्‌ः कणी रव त्यागार्नितकीर्तिः Fiery 


ad the Kautht is one of ite divisions,‏ ; دل قا 
Sampat (नव ago established, is frequently otherwise employed than‏ 
Fleets Ushi tk ere See Colebrooke’s Miscell, Rane ret ee‏ 
ps sete Tabi Part the Second, 1 |‏ 
af oy, COmMmsioner: ditake. See the Journal of the Asiatin Society of Ben-‏ 
last line: and for 1699, p. 299, L 9. | 7‏ ,689 بر ,1537 gal for‏ 
Sioddi-rigrohile, in the original,‏ 8 


Bl Ae metre uf the three stanzas with which this grant terminates iy the pathyd- 














क 


‘ie 


picious Panda Varma Deva: who Ge wars the five great titles 
and great realms from the soles of the feet* of the great Arhat,+ 
the adorable; whose two blessed feett are irmadinted by the 
lustre from the gems in the diadems on the heads of benevolent 
and malignant genii; the wonderful; chief of the multitudes; 
bestower of numerous boons; lord of the gods; and master. a 

To the present and future royal families, with Herr hund 
of troops, in the village of Bhujangiki,s near the river Ves‘a- 
and to the inhabitants of that village; most eminent Brihmans: 
he duly pays respect and gives notice, as follows: 

Be it known to 0 bat this village aforesaid, at the prey er 
of the head of Avs guild, Dharmaka, and of the leading traders 
collectively; for enhancement of our mother’s, our father's, and 
our own merit: has been decreed, by us, as an endowment, for 
such time as the moon, the sun, and the earth shall endure; to 
be dispensed from religious taxes and from unpaid labor; exempt 
from the ingress of fortune-tellers|| and soldiers; and protected 
from the exactions of any other king; to these associate students 
in theology: Bhoga Swamin, of the stock** of Gautama, and of 
the Madhyandina + Nara Swimin, of the stock of Upamanyu, 


remain; those of Samrd], اي‎ कंद, Swaral, vied} कु 9.49 dy ४१.३1) 
rimanta ‘great dominions,’ named, in the text, after the ‘great titles,” and which 
sig an a a ge at aa جد‎ 


atic! 
mer'wera, and paremeamdher'vara? Soe the Journal of ०. res | Society य 
gal for 1658, p. 228, foot-note, | . 


(ध nomenclature of the 
96] णी See Gibbon, chap. lil, 

Tt ehould excite no surprise to find the Jainas borrowing almost anything from 

© Pddemila, Prof. Wilson, profemsedly taking Hemachandra for his guide, ren- 
ders thia word by هم‎ heel.” sn سهدي‎ pe ya A ited ونس مود‎ its synonyme; and 
this be derives from guhyate, ‘is concealed.’ Several words for ‘foot sieges fe, in 
ian She, جد مدي ود‎ end ايع جايس عيبي‎ fm “heal Millomeibem. Det Haak: 
deva, as quoted in Vedinti Maluideva's Bwdho-manohara, ipa es pddemila by 
pareiini, ‘heel’ The translation in the text may, according! @ to correction, 

+ This name may denote either a Buddha ora Jina. The latter is here meant. 

1 Literally, ‘ lotos-feet." 

§ This place has pot been recognised; nor has the river Ves'a; nor Chitra, 


| CAdta; which Colebrooke translates as above, in his Digest of Hindo Law. 
etc, १ #11 (Byo edition). 1 
Oe teeta: पम - 

[ think 1 can, at this place, detect several words of عع اجا‎ sel Us sete 
order, in another inscription. See As. Res, xv. 510, fifth foot-note; and the first 
transcript at the end of the volume, twelfth and thirteenth lines ab infra. 

#* In the Sanskrit, here and several times below, gotra, 2 

{+ This isa branch of the White ممه سره"1‎ 
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सवत्‌ ६१ वेत्र २। द्रतको ऽत्र لوج‎ लिवितं 


सानिविग्रद्धिकादित्वदत्तेन । 


स्वदत्तां परदत्तां वा at द्रत वसुन्धराम्‌! 
स fret कृमिरमूवा पितुमिः सद्ध पच्यते ॥१॥ 
TSR नक्ता रानमिः सगरादिमिः। 
aI Tel चदा भूमिस्तस्य ed तदा फलम्‌ ॥२॥ 
Aram Asa च तान्येव नरके वसेत्‌ uz 
इति शुमम्‌। 
TRANSLATION. 


Well be it! 
Fortunate is the auspicious Bala Varma Deva; sovereign; 
wholly devoted to the Brahmans ;* ل متف‎ possessed of the 
five great titlest and great realms; son and successor of the aus- 











* Parema-brahmenys.—Hemachandra, in his explanation of {9 own voeabula 7 
i. 42, defines the dradmes and others, in the hagiology of his communion, to b 
‘ministers of the Arhats and of Rishabha, लत: चरतामृवभादीनामपासकाः | 

The pronulgator of this instrument was o Jnina. 5 

} Colebrovke (आना, Essays, ii. 208) remarks on a passage where this expression 
occur, that he is “nor entirely sande of the meaning” of it, He was then writ- 
ing in Enghnc ; nod yet at bat littl disadvantage, 60 furans the assistance of learned 
oa wos concerned श्म | ie 

١ pundits have farnished me with their guesses, which I repeat. Some of 

these men suppose that the common fivefold repetition of the word जण, a sort of 
heathenish pentagion, is here intended. ‘This exposition has the concurrence of Prof 
Wilson, Swe As Res, xv, 608, sixth foot-note, Others think that allusion must be 
had to the fire काद, * utteruices of pood omen, enumernted in त्नी 
هم‎ Kalpe-mitra, for winless These are pugydia, meats, riddhi, wri, and balydna. 
Others, ngain, fix their conjecture on the five Pi ماعطا‎ rehd-vas'ascin, امس‎ pratd- 
pin, at gf bli विर्व" कत and maid praia; oF ‘most renowned, muet सय 
يكنات‎ most liberal, mvt cleme Se and mest powerful.” But no authority has beer 
brought furward in support of any of thess elucidations, 

Pending the production wf something positive, 1 am disposed to believe that the 
riddle may be solved by referenco to an extract which I made, on a former occasion, 
ip the Journal of the Aviatic Society of Bengul for 1858, ب‎ 227, foot-nete, Lf 918 
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मिनः पादम॒लादवाप्रपच्नमद्धाब्दमद्धासामत्तश्रीपाणएटु- 
वमदेवयादानुध्यातः Ne: 17712150111: सम- 
वाप्रपच्चमद्धाणब्द्मद्धासामत्तश्रीबलवमदेवः कशली 
वेशनदोपकफे ASR सव॒घातानि वर्तनान- 
पविष्यद्रात्रकृतलान्येतद्रामनिवासिनश्च 275011117121 ` 
वरया मानवति वोधवति 1 

वो स्तु विदितिमवमुपरिलिवितय्रानो Sener: 27] 
ध्मकप्रयमवणिग््रामप्रा्घनवा ऽत्मीवमातापित्रोः स्वस्व 
च पुण्यामिवद्धय VAT गौतनसगोत्रवातिमाध्यन्दिनिमोग- 
वाम्यौपमन्यवसगोचरकोघमङ्‌न्दोगनरस्वामिणाप्टिल्य - ८ 
TART PAS न्दोगविलासस्वामिवासिष्टसगोच्रकोधुम- 
Beg APT TT a ee AAT: 
TAs मुत्तत्र्छकरविद्िरचादमचप्रवेण्यो 
arise श्राचन्द्रार्कनितिसमकालस्यित्वा ` 
म्रग्रारवेन प्रतिपादितः । / 

Fad Tara रात्रकृलानुमत्तव्यचि- 
्रसीमनिवापतिमिरष्याज्ञाप्रवणविधेषीमव सम्‌चितमिव- 
दरोगमागकरद्धिरिएवादयः प्रत्वादेवाः सर्वे धयाधर्मममी 
धामेषां वथाभागा इति। 


krit, and is evidently se name, 1६ is precisely in eoch 8 cose ns this that a 
t would tamper with an original text, by substituting something more classical 

than what he found, Colebrooke puts “thievish” هم‎ the correlate of whatever his 

spograph exhibited; and that, it is natural to conjecture, may have been desyu 
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THREE SANSKRIT INSCRIPTIONS, 
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_ Presented to the Soclety May 17, 1300, 


THE copper plate which contains the ori ginal of the first 
among the ensuing iuscriptigns exists, I believe, at Benares. 
My transcript was made several years ago; and any indications 
which I may have noted down at that time are not at present 
fortheoming, On the age of the grant I am, therefore, unpre- 
pared to pronounce with assurance. 

A negative fac-simile of the second inscription has been litho- 
graphed in the Journal of the Archwological Society of Delhi, 
or January, 1853. A coarse essay towards an English version 
of it will also be seen there, together with some speculations 
which I decline to criticize. = | 

With reference to the remaining inscription, my translation 
of itis not the first that has been لي‎ For my copy of 
the Sanskrit, which has not before been in print, I am indabted 
to the late Major Kittoe, This प may have been sophis- 

ted b scone J like suspicion, however, attaches to that 





Inscription No, L 
1 स्वस्ति 
FMEA اانا نرم‎ ee S ha 
परदपन्नवुगलस्वाटूतानेकतेरनेकव्रदस्व देवे्स्वा- 


* See his Miscellancous Eeon SS ees la Messianic ذ‎ 2 4906 aay coe bea “Ga ths la ce M 4 has, Taare 
of tha second stansa, and egkin in the ‘sive. th word sod, whichis toh gare Some 


confidence : | 
| 1919711501 दषुः st बो 2 १ 

‘May Brahma, Vishnu, and S'iva—in color resembling, severally, 
the water-lily, the black bee, and kés‘a grass; having, respectively, for 
Weapons, menacing utterances, a disens, and the pindka م‎ movi gs in 
order as enumerated, with birds, a bird, and a bull; and whose abode is 
on the jémbu-bearing mountain—bestow upon you prosperity.’ 

After incising aryara—which makes sense, but militates against 
the metre—the engraver half deleted the first my It could scarcely 
have been part of his original. 2 1 

Limbarya,* not Liswayd, is the name of the lady spoken of in the 


prose, 
शिति, for चिते, in the fourth stanza, is an error of the press, 
Tn the sixth stanza there is wa where 1 have put qa, aa 1 am com- 
pelled to reject. The person here commemorated is Dosin, not Dhoain, 
ft, in the eighth stanza, is my own, I find; and yet right, I suspect, 
thing worse than a vain repetition, oF conics was not ill advised, 
The last verse of the inscription has gusta. By deducting a stroke, 
8 قد‎ to bring out 5298, the text is healed: but only provided that 
परप्स्ता is permissible in lien of 29 ; and this is exceedingly doubtfal. 
To repeat what I have remarked clsewhere, the Sanskrit of this inserip- 
tion is of very questionable purity, ~ 1 ae 





Troy, 1+ १. April उत्व, 1860, 
® Or Litswaryi, as it nls admits of read; the characters of this inseri 
fiom are cut in such fashion that, where no aid isto be derived frum the sense, 
४०५ Vie ७9 
il 
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The stone on which the second [ड्द is eut is of like character 
with the other, but has a more amygdaloidal stricture, being full of 
little cavities, which hold carbonate of lime, It is 12 inches broad and 
7+ inches high, and contains eight lines, The characters are coarsely, 
irregularly, and inelegantly eut. It exhibits several orthographical er- 
rors, which are corrected in the text as printed : thus the proper name 
Kecava is both times written with the dental instead of the palatal sib- 
lant, and a like substitution is made in 2b and 34, os the name of 
fovara and its adjective ; at the end of 2b we have “ray, although the 
sign of interpunction is not omitted after it; and in 26 the reading of 
the stone is جوم‎ (with the virdma; not conjoined with the following a). 
A long passage in the fourth line (from यो to वस्त) has been erased and 
recut, and parts of it are obscure. Above the syllable at of चामा (39) 
is a vowel-stroke, and under the 7 is either a, or the remains of one, 
not quite erased; so that either the former or the present reading is 
meant to be नागौ. The syllable next following, though clearly and 
deeply cut, is of > somewhat nondescript charactor, but we do not see 
how it can be meant for anything but the جد‎ by which it has been ren- 
dered. The Inst line, following the date, is apparently an afterthought, 
and appended tothe inseription as at first engraved. It is crowded in 
at the lower edge of the stone, and, from चकत inclusive, rons up its right 
margin, in the manner which, in printing it, we have imitated. 

The third monument, referred to above, is a stone measuring 134 
inches in height by 13 inches in breadth, besides 8 raised and rounded 
margin, It is thick and heavy, and shaped upon the back into some 
form of which the intent is not now recognizable, Its material is 
greenstone, like that of the others, but much harder and tougher in 
quality, The text of its inseription, with 9 translation and notes, Was ` 
published by Mr. Hall in the Journal of the Asiatic Society of Bengal, 
Vol. xxviii, for 1859, As appendix to that article, he desires to insert 
here the following additional note upon the inscription, 





+ - oy three lapidary monuments given by me to the American 
Oriental me there is one of which 1 have already published the 
inscription, with an interpretation, My translation waa made froma 
fac-simile ane: the original never ५, ing, at that time, been before 
me, 1 A ae seen the stone itself, it turns out, not unex- 
pectedly, tha vd frst conclusions admit of being rectifi The 
1.1 ९1816 mit of being rectified, । par- 
jd the first ol find, not what I took to be intended for चानि 
نااك‎ persistently,’ but, distinctly enough, 7 sfPrarey. 
*is landed continually," ~ न~~ 
The कुन्तो of the second stanza is ॥ misprint for कवन. 


turned into a conjunct nasal; and a consonant, or the first consonant 
of a group, is doubled under a ‘—the only exceptions to this latter rule 
being بك‎ च, 2, Ss, a, in all cases of their occurrence; and also, in a sin- 
gle instance, भ. As regards the diphthongs ९, ai, 0, aw, the inscription 
follows, with total indifference, the ordinary devandgari method of writ- 
ing them, or that which is usual in the Bengali. The sign of omission 
(3) is not employed on the stone, nor are the verses of its text num- 
bered ; but the marks of interpunction—i after a first half-verse, ॥ after 
8 Yerse—are introduced with entire regularity. At the end of a half- 
verse stands always به‎ and not enwerdra: in two cases, however, (10d, 
38 0) the rirdma is omitted. Of other omissions, we have, verse 2a, 
कुटः for وت بجا‎ is at a place where a few syllables (viz. wera) 
have been erased and recut, Another like case of correction occurs 
just before in the same line (viz, ate), and a third near the end 
of the 9th line of the inscription, or at the end of 124, affecting the 
syllables which read, as printed, جه‎ The correctness of this read- 
ing, however, is not entirely certain. The 5, indeed, admits of no ques- 
tion ; the rr is less clear, but yet is altogether probable; for the next 
syllable the stone gives only the double v (a), omitting the superposed 
r (‘) which causes the reduplication ; and the following character is en- 
tirely illegible, but cannot possibly, we think, be स्यु ; its lower part, 
which alone remains unobliterated, is clearly ر‎ (r), and not = (r): above 
it might stand almost any single letter, but not a double one: for that 
there is no room, nor could ५ सत have been cut without leaving distinct 
traces on the unbroken part of the stone. We know not what to con- 
jecture, if not 7: 2 is sometimes found used in the sense of ‘ posses- 
sion" by a passion: the clause might then mean ‘Murala ceased to be 
possessed with arrogance.’ In the following pdéda the stone reads dis- 
tinctly चकय for saat: this is probably Mahidhara’s error; but, if the 
metre did not forbid, we might regard it os a mis-reading for way, 
‘trembled’; perhaps this word was in the cutter’s mind. Of the first 
syllable in the same line and péda only the upper and part of the right- 
hand lines are left: the consonant must be a; but it might be com- 
bined with ,م‎ and with any vowel excepting i—these are the possi- 
bilities of the case; we fT the reading proposed by Mr. Hall to 
be the correct one, At the beginning of verse 6, Mr. Hall's fac-similes 
failed to give him under the ى مع‎ which, though not deeply cut, is 
still unmistakably traceable ; the true reading, then, is जपेर्नेकंप्‌, ‘ with 
manifold forms." In verse 10, the last syllable of the first half-verse, 
which comes at the end of a line, is much broken: what is left seems 
to us to point out distinctly, as the original reading, लो instead of aT: 
this would change the meaning of the word from active to passive. In 
verse 17 b, finally, the stone has و55‎ (निषु 1} for were, 
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five | cag es south-west of Gwalior: thence, in the same direction 000 
li, م‎ Mo-hi-chi-fa-lo-pu-lo, which M. de St. Mariin identifies with Ma- 
cheri, | ए Matsyavara, in support of which conjecture it is to be 
remembered that this part of India is known, in Sans bt geography, as 
the Matsyadesa, Little is anid of these two principalities, as they were 
both roled by Brahman princes, and did not follow the faith of Buddha.” 
Journal of the Royal Asiatic Society, xvii. 133, . . 

To note 13; १ 527.) Hiouven Theang, now that we have a translation 
of the Si-yu-k, tells us but little of value, touching Kong-ya-t'o, over 
and above what was reproduced by his is aphers. Kong-yo-t’o lay 
near a bay; and it also lay near the sen ta Ne ition is as far from 
being fixed as ever. Voyages des Pélorins Bouddhistes, iii. 91. 

To note #9, .م‎ 532. There are two works, treating of the Vaire- 
thika philosophy, by writers bearing the name of Maunin, One is the 
0 by Gopi in; a مخ‎ itary on 
the Puddrtha-viveka or Sido anta-tattwa, It waa prepared by com- 
mand of Raja Jayasinha of Baberi, 2 This Gopinitha also composed 
scholian on the Kusumanjali, entitled ag afi-mikés'a, The other 
work is the S'abdirtha-tarkimrita, प author ها‎ Krishna Maunin. 
See my ‘Contribution towards an Index to the Bibliography of the 
Indian Philosophical Systems; Calcutta, 1859; pp. 77 and 79. 

Troy, N. ¥., U. 8 A, February 27th, 1800. 





ADDITIONAL NoTE BY THE COMMITTEE oF PUBLICATION . 


The two monuments illostrated in the foregoing paper—together 
with a third of like character, already made public by the same author 
—have been presented by Mr, Hall to the American Orjental Society, 
and are deposited in its Cabinet, now at New Haven. We have €= 
cordingly taken occasion, while this article was going through the 
press, to make anew a careful examination of the inscriptions, and a veri- 
fication of the text as published, and would offer here the following 
additional remarks and explanations, L 

The larger stone is 334 inchos broad, by 224 inches high. It is 8 
plain block of greenstone (aphanite, containing a little carbonate of lime), 
of a soft-texture, and easily out. The Inscription upon it is of 29 lines 
—the last one of them indented about 4 inches—which cover {15 whole 

‘surface, excepting a narrow and unornamented margin. IJt is engraved 
with great care, and with no little skill and nicety of execution, and 
is in almost perfect Preservation, so that its characters are, for the moat’ 

t, as regular, elegant, and legible as the best manuscript. As re 


it: thus the virdma never appears, anve at the end of a دن‎ the 


anusedra, whether in the middle or at the end of 2 word, is more often 
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ADDITIONS, 


This paper, after being sent to the Asiatic Society of aie ], and 
ध for its Journal, was withdrawn. I hod hoped to ob- 

in England, a solution of the chronological difficulty spoken of‏ ,د 
in the introductory remarks: but the hope w = yar es Mi Since‏ 
reaching America, chiefly by reason of access to books as yet unpub-‏ 
lished at the beginning of 1858, 1 have been enabled to add the few‏ 
notes following.‏ 


When passing through the station of Jubulpoor, in ५ ` छ Last 
year, I found, in the Sr at that place, a somewhat weather-worn 
inscription, hitherto inedited, of the same class with those which pre- 
९९१९. Unhappily, I had neither leisure nor health to take a copy of it. 
The date that it bears is 026: सवत्‌ 59155391219 २२६. Its 
pont oot was S/as‘idhara, son of Dharanidhora; and it makes mention of 
Namadeva, son of Mahidhara, as a sifradhdra, Three of these names 
we have met with in the record of DOT, At the foot of the stone, the 
ensuing benediction, in the A’ryé measure, is legible without difficulty: 

avery ا‎ धातायातं 7 तपतः 
ووم‎ कोर्तनमेतत्‌ ater कर्तुः स्वि ya 

‘As long as the sun and the moon, going and returning, shall shine 
in the firmament, so long may this eulogy endure, conducing to the re- 
nown Of the doer of the transaction herein memorialized.’ 

To note g, بم‎ 511. Hema A’chirya exp pressly qualifies Karna as Raid 

of Chedi, 90 of him as being o नि This, خم‎ we (त 
from the Haima-kos‘a, قز‎ a synonyme of ५५.६६ Karna is also men- 
‘tioned 75 having been दु Oe rary with Bhoja; and Bhima Deva 
marched against him. This Bhima reigned from A. D. 1022 to A.D. 
1072, as-mald, i. 83, 90. | 

To note r, 7, 530. I now find, on the faith of M. Stanislas Julion’s 
translation, that Hiouen Thsang, agreeably to the Si-yu-di, travelled about 
a thousand fis N, E., in going from Ujjayini to Teht-ki-t’o, and thence 
about nine hundred fis N., to Mahes'warapura. 9, L. Vivien de Saint- 
Martin, in his “Mémoire Analytique,” puts N. E. for N., in designating 
the direction of Mo-hi-chi-fa-lo-pon-lo from Tehi-ki-’o, M. Julien now 
silently strrenders his identification of Mahes'warapura with Mysore, to 
the suggestion of his collaborator, that the locality intended is “ Ma- 
tehéri, 00, selon la forme sanskrite, Matchivira” But it is scarcely , 

probe! that Mahes'warapura was transformed into“ Matchivara;" and 
there 5 no ground for ४ that both names were ever applied to 
the same city. See Voyages des Pélerins Bouddhistes, iii, 168, 169, 
#90, 408, 4 408, 457, 458 

fessor Wilson writes: “A sudden return to the south-east brings 
Hiouen Thsang, after 8 journey of 2800 li (560, miles) to U-che-yen-na, 
which 18 clearly Ubayint or Ougein, the kin 5 of whiek was a Brahman, 
and consequently Buddhism was ata low ebb, He then goes to Chi- 
ki-to, north-east 1000 li, considered to be the modern Khajuri, twenty- 


|. 
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$9. Neither has this place, nor have Undi and बद्वा, yet been verified. 

40. S/aiva, or ‘of Siiva,’ who is called Pas‘upati; > word variously 
accounted for, 

41. The country of Lata, or Létika, Hellenised into dagext, waa later 
called Gdrjara, or Gurjara; Gujerat. Ptolemy regarded it as part of 
IndoSeythia.” د‎ 2 3 ९, 


42. The mta of these प्रचर्‌ was that of Yiska. See the note on the 
seventh stanza. ir 

Maunin is still a well-known family name. च. 

43. Before himself, the author of these verses commemérates their 
copyist, as happening to be his ध A want of fraternal piety 

44. Professor Wilson defines جور‎ by “carpenter.” See the Haima- 
koa'a, section of homonymes, iv. 284; to which the Professor vageely 
refers. The word is there explained to mean ‘a kind of workman.’ Tt 
may have the restricted sense of architect, or even of mason. In the 
next couplet we again meet with it. 

45. The gencral mechanician of the gods; a Vulean, and much be- 


46. This comparison is not at all more felicitions in the Sanskrit 
than it is in the English, Prithn, who was a king, subdued the earth, 
which had assum ५ the figure of a cow. See the translation of the 
Vishnu-purdna, p, 103, 


47. The Vedanta philosophy is here recognized. 

48. This, and the I's'wara of the third couplet, are here, no doubt, 
epithets of Siva, | 

49. A synonymous title of the Destroyer, चराय ‘parent of things 
movable and fixed,’ is mistaken, by Colebrocke, for 527151771, “holy, 
beneficent.” Miscellaneous Essays, ii, 304, 908, 309. 

$0. See, for this and several cognate terms, my note in the Journal 
of the Asiatic Society of Bengal for 1858, p 227. = 

G1. Thus far this inscription is metrical. The measure of the first 
and third stanzas is the Pokira; that of the second, the Privé, 

$2. In the original, goira, 

$3. Kes‘ava’'s functions not bein (य described, it is uncer- 

lomen Meanings, or of more, has 

reference to revenue, ظ‎ inion aah 


Fort-Ssugor, January 10th, 1868, 


tain whether méiyake, a word of a 
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25. The original word, निभि, before rendered ‘repository,’ is here to 
be resumed, but in an altered acceptation. 

26- पु, ‘abodes’; put, metonymically, for their inmates. The word 
is here used for wapqy, ‘the female apartment.’ "~ 

27+ वाटत, the term employed, was formerly taken In a sense of 
wider Jatitude, and in one of narrower. In the middle ages, 7 and 
designated, respectively, realms of greater and of inferior power, 
when they were spoken of with reference to their relative importance. 

28, The original is चिन्तावपि, ‘the gem of reflection,’ by the aid of 
which all wishes were attainable. We havealready had ‘the tree of 
abundance.’ The कामधन; or ‘all-bestowing milch cow,’ is fabulously 
endowed with the like marvellous quality. 

29, In the Sanskrit, 2 studied ambiguity, the expression rendered 
as above also implies ‘tall bambu.’ 

20, Professor Wilson inadvertently writes the original word with a 
cerebral in the final syllable, 

$1. Mené is Parvati, the daughter of Hinrilays. 

29. This p prolific dame—for she is. celebrated as having been the 
mother of five thousand sons and sixty daughters—is also called Vai- 
rini. See the Hurivans‘a, sf. 121,142. Her father was Virana, 

33. S‘iva is a name of Parvati. Her husband was Siva, or S‘ambh 

24. Possibly the inscriptionist, whois rather addicted to paltry 
of rhetoric, intended that his ‘ pinnacle-ball’ should, لد هيات‎ - ily, 
likewise surmount the ‘mansion of erotic sentiment. | | 

35, A moment's pause is due to the elaborate ane hibology with 
which the latter half of this qnatrain is conceived. The vanqgnisher, 
on another’construction than that of the text, is Saumitri, ‘who . भ क, 
hosts, embracing the many-wiled Meghandda and the great Atikiya’ 
In the third line there is an inaccuracy, however, in the postposition of 
हनाव to its substantive: for it scarcely agrees with 517735 

~“Saumitri is Lakahmana, the half brother of Rama. Meghandda and 
Atikdya were sons, elder and younger, of Ravana. 

It is only by astrain that प्रहस्त can be taken to signify ‘strong-armed.’ 
It is not usual as an adjective; its ordinary seceptution being that of 
‘the palm of the hand with the fingers extended.’ There is little donbt 
that its introduction here was induced by the fuct that Prahasta was 
Révana’s chief counsellor. Yet thus to suggest him in a panegyric on 
_Jayasinha looks anything but complimentary. 

#6. ‘He who has the moon on his head:’ 5155 Sea the note on 
the first stanza. 

87. ‘The lord of physicians:’ Siva, again. 

$8. Perhaps ‘barony: gwen; a vocable not yet entered in our dic- 





580 FE. Hall, 
24, A तात even more byperbolical than this occurs in an inscrip- 


tion published in one of the early volumes of the Journal of the Asiatic 
Society of Besgals that for 1838, p. 37. I repeat the first stanza of it; 
468 पा 


for it is verse, casure being sregdiard., 







121101111111771 
गुप्तानां क्स्य प्रचिसृ्यप्रातस्स्य 7372: । 
aa त्िश्दूदणेकोत्नगक्रततमे श्व मासि प्रपन्ने ५ 


‘The month of Jyeshtha having arrived, in the one hundred and 
forty-first year; the empire of Skanda Gupta—the floor of whet hall 
of audience was swept by breezes from the bowing of the heads of 
hundreds of kings; sprang from the line of the Guptas; of wide-ex- 
tended fame; opolent beyond all others ; comparable with S'akra; lord 
of hundreds of monarchs—being quiescent,’ ete. 

The reading in modern characters, give? by Mr. Prinsep, of qhe hem- 
istich which contains the date, is neither in his facsimile of the original, 
nor is it grammatical. To bring out his “thirty-three,” he mst have 
thonght that he found 192775, which is inadmissible Sanskrit. Nor 
is there, in the Sanskrit, رج‎ the fifth case of a substantive; but 
प्रान्त, the seventh case of a past participle. 

There is, then, nothing here recorded concerning the death of Skanda 
Gupta, as Mr. Prinsep supposes. Being neither the first raler of the 
Gupta dynasty, nor the last, nor of special note, it would be extraor- 
dinary indeed if time had been computed from his decease, Moreover, 
if he and his kingdom had so 10 क ९ away, it seems preposterous 
that they should be mentioned, and in so व 1116 a strain; للمتمعموء‎ 
as there is not, on this hypothesis, even a sub 


Tee] yey | عل‎ 





rdinate allusion to 
reigning monarch. Indubitably, Skanda was on the throne when this 
memorial was written, The term प्रान्त, which is applied to his govern- 
१ has, with other meanings, those of ‘serene,’ ५ ‘upper 
turbed,’ ‘flourishing’ In bearing these significations, in addition to 
that of ‘discontinued’ or ‘extinguished,’ it may be compared with 
faaror. Whatever be the era here followed, it appears to have been 
too well understood, at the time. to call for explicit specification, 

The nomerical correction above noted was made several years ago, 
and was communicated to my friend Mr. Edward Thomas, But it had 
not then Occurred to me to attach to क्रान्त the import which I would 
now accord it. See the Jonrnal of the Asiatic Society of Bengal for 
1855, م‎ 385, foot-note, Major Canningham, while tacitly amending 
ove of Mr. Prinsep’s oversiphts, uncritically aocepts another, See his 
Bhilsa Topes, pp. 141 and 144. 

The inscription ander comment, if the lithographed copy of it be 
eorrect, reads gots: in the third ‘line, for gana: Mr. Prinsep gives 
the latter, and rightly; 2a the former is irreconcilable with the context. 
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B’akas and the Hirahtines are mentioned os ether in the MfoAdbldrata, 
 Sathd-porran, 31. 1843, 1844. In the Marrha-cherita, Prabhikara- 
vardbann is made to send his son Rajyavardhana to the north, against 
the स Which is right, Harahuna, or Hurahina? 

Professor Wilson ~ ee we might trost to verbal resemblances, 
we might suspect that t ८ كس‎ and hy of the Hindus had 
some connection with the Hin, Hoiei-ke, Hoiei-hu, and similarly denom- 
inated Hun or HV: tribes, who make a figure in Chinese history.” 
Translation of the Vishnu-puriina, p. 419, foot-note. 

14. The play on sf, ‘current’ or ‘wave,’ and ‘lustre,’ has been 
Bsa? érngadhara-pad low 1 

In the 8 dhara-paddheti is the following stanza, by an anony- 
mous author, descriptive of the confusion of toilet wrought by jer 
Karna, or some other : | 1 


8 नितम्बे पतालो खतिलकममृत्‌ पापिदुगललम्‌ । 
` प्य कर्णा त्वदिवुवतोनां विधिवद 
aya अयं भूधाविधिर्‌दद am: fener ١ 


‘By foree of destiny, auspicious Karna, the pearl-necklaces of the 
youthful wives—Aiding in the wilds—of thy foes are over their faces; 
their bracelets press against their twin eyes; their pape are tattooed : 
end frontal marks are on their two hands. Ha! how does an unprece- 
dented style of embellishment now prevail !' 

1S. Vernacularly corrupted, this word would assume the form of 
Champéran. But the only Champaran arene! known is much too 
far distant from Chedi for even a foray. € subdivision of the Mundla 
District which a goes by the name of Lanji was formerly called 
Champéivati, as I learn from a MS. Hindi chronicle in my possession. 

46. Literally, ‘the frontlet-gem.’ 

17. More exactly, if neceseary, ‘the jewels.’ 

18. [have given the sentence this turn, in order to bring out the 
force of Gz distinctly. । 

19. This allusion to a physical phenomenon is worthy of note. 

20. In place of this bathetic comparison 1 would much have pre- 
ferred ‘outyying the milky-way,’ but for the consequent incon 00 
for the p rince’s person is unequivocally the object proposed for eke 
tion. By the way, Professor Wilson need have entertained no doubt 
as to جم راج‎ being defined by ‘galaxy’ in the Medini-Los'a. 

21. So rendered, to vary the phrase, instead of ‘tree of plenty.’ See 
the ninth stanza. छ. + 

That this quatrain exhibits eight rhymes is deserving of indication. 

92. Here is the word गो again, in the original. 

23. So I translate सान्त, which apparently imports a feudatory. 
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Professor Wilson remarks that the usual classification connects the 
Vangas and the Kalingas with the अय Tranlation of the Visinu- 
purana, .م‎ 188, foot-note, But it may be suspected that, out of compli- 
ance with the sual classification, Kanga, where found in company with 
Vanga and Kalinga, has sometimes been changed, thro ugh ignorance, to 
Anga. At the bet ning of a line, as in the original of the passage on 
which Professor Wilson annotates, the substitution could be effected 
without prejudice to the metre. - | 

Vanga is eastern Bengal, by universal acknowledgement. مخف‎ later 
date than that of this cts tion, Ben: [व was known as Vankila. | 
the Adéja-tarangini, Book IL, ,اند‎ 480 (in M. Troyer’s edition, i. Oe 4 

It would, possibly, have been more accurate to write Kali ne a thi 
Kalingas. But there really seem to have been several peninsular prin- 
cipalities of this name, or rather, perhaps, subdivisions of an extensive 
‘country styled Kalinga. It comprised “the sea-coast west of the mouths 
of the Ganges, with the upper part of the Coromandel coast.” See, 
farther, Professor Wilson's Sanskrit Dictionary, under the word in, 


प्ता), 
١ وو‎ = bly to Professor Wilson's citation of a native vocabulary, 
is Cashmere. where it is mentioned in association with Cashmere, 


but as being distinct. from it, unless we presume a redundancy. Asintic 
Researches, vit. 340. Col. Wilford, to whom I here refer, eventually 
eame to the conclusion, as appears from a posthumous essay of his, 
that the Eira of the Puréacs wos “the country to the west of the 
Indus, as far west as Persia, and, to the north, as far as Candahar,” 
His speculations on the subject are ingenious. Journal of the Asiatic 
Society of fa | for 1861, p. 262. 

1 copy the following from M. Tro yer, but without endorsing his in- 
ference : 5 Kira signe ‘perroquet’ et 0 de Kachmir,’ ap 
remment & cause de la grande aptitude de parole que posséden ८4९ 
Kachmiriens,” Aaja-tarangini, iii, 614. | गो 

It has repeatedly been averred that the Hunas were “the white Huns, 
or Indo-Scythians.” See Colonel Wilford, in the Asiatic Researches, 
yaa sim; ond the translation of the Vishnu-purdna, p. 177, foot-note. 

r. Wathen is dis poet to think that the Hunas inhabited Tuluva, 
where there is a place called Hunawar or Anore. See the Journal of 
the Royal Asiatic Society, ii. 882; and iii. 103. But Mr, Wathen's 
Sanskrit is immetrical and nonsensical, ‘The line where the Hiinas 
are named should undoubtedly begin fan; पाष्ठः. 1 am not pre- 
pared to deny, positively, that the Indians gave the name of Hina to 
the Huns, if they knew them: but the term certainly denoted som 
tribe of Hindus. In the Rayhuvansa, iv. 68, the Hiinas are ह eg 
of as if they may have been a people of fair complexion; and the re- 
gion assigned to them is in the north. The commentator Mallindtha, 
annotating this couplet, says that the Hunas were Kshatriyas. Tho 
क सथ Karna, a Kahatriya, was a Hina, as has been seen in the 
preface to this pare: and how हका me have wedded > barbarian? As 
for the Sacmw, the Sanskrit S'akas, we know that they were Scythiana of 
the Persian frontier. It would be very satisfactory to fin i that the 
northern Hinas were esteemed to be in any wise related to them. The 
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‘Arjuna, the son of Kritavirva, waa'a bein ean had a thousand arma. 
By simply calling him to memory, that which was lost or misiaid is 
found again’ = 

श्ननद्रव्यता च तस्य 7155 aq! “In his reign nothing was lost or in- 
jured.” Translation of the Vishnu-purdna, p. 417. The conceit ex- 

pressed af in the stanza transcribed above may have arisen from this say- 
ing. The commentary on the امس جمدم‎ from the Vishau-puréna runs thus: 
TERS च तद्रादव Ger! 75515017551 न विवक्निता वत इदानौमपि 
पीकातवी्ीर्यनस्व नानाख्यानन تعمج‎ । 
دوجو‎ चैव तवर नामाभिकतोर्तनात्‌ । 






५॥ = 


इति कोकः । 

Here the Aiirma-purina is cited to the same effect with the stanzg 
from the #reAmdinda-purana, 

19. There ia a pun here, in the original, 

13. In this stanza, denominations of peoples—tallying, for the most 
part, with names of countries—are, by a noticeable idiom, put for their 
rulers. 

The Pandya kingdom is considered to have embraced the present 
District of "Pinevelly, with something of Madura. E 

Murala is another name for Kerala, now Malabar. At least, the 
corn nc Se -on the Haima-kos'a, iv. 27, asserts their synonymy. M. 
Tro ver without adducing the slightest warrant for what he says, calls 
the Keralas “ peuple du Pendjab. ija-ferangini, ii. 605. Professor 
` Wilson, having occasion to وب لصم‎ the Muralas and Mekalas, pro- 
nounees them to be “tribes along the Narmada.” Select Specimens of 
the Theatre of the Hindus, 11. 561. This is an inference, it may be 

1 from the fact that the Nerbudda is called Muralé and पला 
re Pe ekhali. Hemachandra says that the Nerbudda has its source in 
mount Mekala. The Moralé, mentioned in og Raghwvans'a, iv. 55, 
was, alleges Mallinatha, a stream in the region of Kerala. 

Waiving the chance of a ig a rint, Kanga was the same as Chera, 
now known as Salem. Chola lay to the east of it; Pandya, to the 
south; and Kerala, to the west. Mackenzie Collection, Vel. i, Intro- 
duction, p.xciii, In the same work—i. 63, 198—Chera is called Kon 
Can it be that this is a modern corruption of Kanga? Also see the 8 
Journal of the Asiatic Spee! of Bengal for 1838, pp. 105, 106, 129, 
379, लट. ; and Journal of the Royal Asiatic Society, viii. 1 ete. 

pparently, Kanga is the country intended by the Chinese phono- 
crraphis me be u-t’o, for which M. Stanislas Julien proposes Kényodha, 
V des Pélerins Bouddhistes, 1.184, 411, 469. The “aes ta of 
the couplet cited in the second note on this inscription may be a length- 
ened form of Kanga. Venka and Venkata, for instance, are one; and 
we have not here to do with pore Sanskrit. . 

In the Brikat-sanhkité of Variha Mibhira, as cited by Dr, Albrecht 
Weber, a country called Kanka ix mentioned. Die Handschriften- 
Verzeichnisse der Kéniglichen Bibliothek, u.s. w.; Berlin, 1853; مد‎ 
240. 








526 _ FE Hall, 


says that the Aefi isa weapon of offense; as is, indeed, declared by its 
assigned etymology. : | | | 

6. This is Ganes‘a; who, however 0757508 in what should be his 
divinest part, is figured with the body of a man 


7. Ganes‘a, no less than S‘iva, wears a di gees the moon on his fore- 
head, How our poet, adhering to what he has said of the latter divin- 
ity's ornament, would make good its place in the sky, it is hard to say. 

The following piece of mythol ey is taken from the prior section of 
the Gones‘opapuriina, sixty-second chapter. Ganes'n, with intent to 
deter Grahmé from the work of creation, assumed a transformation de- 
vised to inspire terror: but the moon was so rash as to deride the hid- 
eous disguise. The divinity, incensed at this discourtesy, pronounced a 
malediction on the heedless luminary: in future its aspect was to be of 
evil omen. मध g the lunar distress, the minor gods B dave ubout 
to make interest, on behalf of the forlorn orb, with Ganes‘a. By degrees 
he suffered his wrath to be somewhat mollified. Dissatisfied, however, 
with this partial result, the planet procured from Indra the monosy lla 
bic prayer to his oppressor, and silently repeated it, for two and twenty 
years, on the south bank of the Ganges. Thus perseveringly impor- 
tuned, Ganes‘a ب‎ cancelled his imprecation entirely, and asso- 

ciated the ४२ of himself with that of his suppliant, on bay fourth 
day of every dark fortni night. Demanding one of its digits, he fixed it 
on his brow, and Wis سه لام‎ surnamed Bhilachandra, His 
grateful vot rene y erected a fane in his honor, the site of which is 
celebrated 7 iddhikehetra, 

8. For सन्तमत्त (-त), ‘universal gloom,’ Professor Wilson, in his Sans- 
knit Dictionary, erronconsly gives सन्तमस (-यः); wrongly citing the 
‘lmara-kos‘a as his authority, and also infringing Panini, र 4.79. The 
Monoramé and the Tattwa-bodhini do not even hint at any Variety of 
opinion touching the form of this word. । 

9, Thus I translate روح‎ a substantive of very rare occurrence, I am 
told.* | 

Saraswati is the patroness of letters and of eloquence, The inscrip 
tionist is celebrating the seductiveness of artfal rhetoric. 

49. On the word गोत, which is used here, and elsewhere in the rec: 
ord before us, I have remarked at length, as also on Tay, in a foot-note 
to p. 222 of the Journal of the Asiatic Society of Bengal, for 1858. 

11+ Allusion is here made to a superstition still very prevalent in 
India. The ensuing couplet, which is in the mouth of every learned 
Hindu, 1 found, after some search, in a colloquy between Agasti 851; and 
Narada, in eases Sroka the Hrakmanda-puréna, of which fan un- 
able to name the book and chapter : 


71151 नाम टात्ना اتج‎ 
तव्य 777711501 गतं ae 4 स्तभ्यते ५ 
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M. Chézy, كه‎ he says in his edition of the S'ékuntala, p. 191, found 
the distich about to be quoted on one of the outer leaves of a MS, 


oe qa महो बदधिवायुाकाप्रमव च । 
iat ब्राह्मणाः सोम हत्यष्टा तनवः स्मृलाः ॥ 


Professor Wilson, where referred to above, ce that this is from the 
irs न in which, however, I read, on the concurrent authority 
of nin ‘= a 


qt wer महो arate yeaa च ١ 
افاج‎ ब्राह्मणाः स्लोय इत्यतास्तनव्ः क्रयात्‌ ॥ 


In hundreds of places, the discrepancies, for many consecutive verses, 
between passages in different Purinas, when one and the same subj 1. ५ 
is under treatment, are no grosser than these. The lines adtiuced by 
M, Chéry are still to be verified. sssor Boehtlingk has accepted 
Professor Wilson's statement, and, it should seem, without thinking to 
test its accuracy. See his S’étunfala, .م‎ 142. 

Of the five eloments, as the Hindus reckon them, the ether alone is 
propounded to be (न शु It is, further, maintained that 
the development, in earth, of color, taste, smell, and tangibility, is due 
to the influence of caloric. Stench and ४ can be predicated of 
earth only: the characteristic of water is coldness: and the atmosphere 
ean be touched, and has no hue, 

Of the eight constituents of Krishna, only the five so-called elements 
are included in the catalogue above detailed; three, or mind, intellect, 
and consciousness, being the substitntes for the three objects omitted 
See the Bhagavad-gitd, vii. 4. 

Professor Wilson, in the second edition of his San Dictionary, 
similarly sets forth the constitution of the ين دن‎ except that he 
puts “crude matter,” or prakriti, in lien of ‘consciousness,’ The ex- 
change is certainly 9 mistake. ९ 

In the fourteenth chapter of the Varmadé-mahaimya, the octoform 
S'iva is thus represented : : 


Ger: 79751 712131 Tat xia Ter । 
qraransegy! चयमूतेननोञ्सतु ते ॥ 
Here, instead of the five élemental substances, we strangely eno 
find the five qualities of which the senses take cognizante ; or न 
tactility, odor, ب‎ and color. The complement is made up as in 


4. Or ‘he of the dark throst;’ that is to say, 51155 The fable ac- 
counting for this d en ion will be familiar to every one that reaches 
this note. See the MaAdbidrata, A'di-parvan, 51. 1154, 

ह, The author of the Budha-manohara alleges that Kshira Swhimin 
defines हेतिं by ayy. 1 it be so, my copy of the Amarakos'odghétana 
is defective. Hemachandra, annotating iii.437 of his own vocabulary, 
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9. In turning this et into English, क + was consulted 
by an entire departure from the structural seqnence of the original. 

Even after knowing that the stands in S'iva’s hair are stands, one can 
form but » slightly less indefinite idea of them than was entertained 2 
the supernals in their state of ocular indecision, It is, therefore, di 
cult to divine the precise drift of some of these saintly conjectures. 
Virtue, agreeably to the chromatics of Indian morality, is white; and 
s0, it may be inferred, would be the oe of meritorious acts. Pos- 
sibly, in place of ‘eruptions of ashes,’ we should substitute ‘sources of 
majesty,’ which also त accounted colorless, Yet. the interpretation in 
the text is strict! 1 in keeping with S’iva’s notoriously untidy habits. 

errestrial stalls, anal श us to those here mentioned, or, at least, 

sich as are seen in hundreds, every hot season, in Central India, are, 
generally, fragile structures of coarse grass, or of wattle and dab, mee 
on one side, and just large enough to hold two or three persons in 9 
crouching posture, and as many jars of water. | 

To all appearance, whether rightly or wrongly, the word प्रया is 
sometimes used in the sense of a small affluent or feeder, See the Jour- 
nal of the Bombay Branch of the Royal Asiatic Society, for April, 
1843, p. 222, foot-note, | : 

There is a stanza, by the poctess Padmivati, closely (प क, 
style and construction, that to which this note is appended. Venidatta 
quotes it, in his Padya-veni. It depicts a lady's fo ५ Tins : 


5 प्रुडास्मुनकल्यत्लतिक किंवा ل‎ 
किं angie किं arate | 
भातः कङ्गट्र्रोषुललिते ATE लते मन्मते ॥ 

Farther down I shall have دمتفمععن‎ to recur to these verses. 
ॐ, These manifestations, as here intended, and in the order in which 
they are ot or described, are the ether, the sun, the moon, fire, 
earth, the chief priest in sacrifice, water, and air. See Colebrooke’s 
Miscell, Essays, ii, 248, foot-note; Wilson's translation of the Vishnu- 
puréna, pp. 58 and 59, foot-note; the opening of the S'aiuntala drama; 
the Aumdra-tambfawa, vii. 76; and Hemachandm’s scholia on his own 
vocabulary, ii, 110. 
> Yédava the lexicographer, as cited by Mallindiths on the Raghurans‘a, 
ii. 35, enumerates these forms in the following couplet: 

पृषिवी सलिलं vat بيجت‎ 9313 च ١ 

मूयाचन्दरमसौ सोमवाननों SMe मूर्तवः ١ 

Mohanadisa Mis'ra, in his Hanumdn-ndtaka-dipikd, adduces the en- 
suing lines, of the sume import, aa from some dgama, or sacred author- 
ity : 
1 भूतलं 17ت 311 17ت‎ ort विः 1 
751 मूर्तयः प्म्भोर्मपरलं sai नः ॥ 
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is retained. But, on the other hand, the sibilants are nowhere con- 
founded. 5 and 5 have different symbols; and they are employed, 
generally, with just discrimination, The deviations, in this article, from 
accuracy, like several of the peculiarities above noticed, may have been 
the fault of the engraver. Thus, qf is once substituted for qf, बन्धुर्‌ 
for aay, agama for agama, are for are, and 2173 for a, 

From the eleventh stanza we learn that the jihwdmiliya and its ؟5‎ 
were once written 2 ; and, from the twelfth stanza, that the shape of 
the wpadhméniye and its प )5( was “9. 

I take this o د امو‎ of سلا ع‎ the opinion that nearly all the 
inscriptions in the earlier volumes of the Journal of the Asiatic Society 
of Bengal, which have not been republished, should be deci P hered and 
translated anew, At least, a restatement of 0 facts of history and 
geography—based on a fresh examination, with all onr present aids, of 
the originalk—would be an enterprise neither unworthy nor infructuona, 
A reservation would, however, fall to be made in favor of those among 
them which were entrosted to Dr. Mill, Mr. Sutherland, and Captain 


Relics of the description here referred to deserve, indeed, all the care 
ya sires} Olarship can bestow ipo م‎ them; and, occasionally, for च reason 
quite independent of their value as chronicles. The princes, at whose 
instance they were written, = loyed for them, it is reasonable to sup- 
pose, the best कणि x الو‎ command, The teachi ngs of ap ere ظ‎ 
must have admonished them that in these memorials, it at all, their 
names and deeds would survive to coming ages. The style of an in- 
scription, especially if the inscription be in verse, may’, aceording! ‘id ba 
taken as no unfair index of what was reputed to be literary excellence 
at the time of its composition. ® 


NoTES ON THE TRANSLATIONS. 


7. The divinity here invoked, under two epithets, ig Maldideva, The 

‘attendants’ referred to are the well known ganas. There are fifteen 
ps of them; named Gomukha, Harina, Stirna, Tilajan Vriko- 
5 ra, etc.— Rendi-mahaimya, 29th ehapter, 

S'avi-s'ekhara I have rendered by ‘moon-bedecked.” As for the 
wekhora of Siva, since he wears षः his forehead, it would be incon- 
— tuous to speak of it as a crest; though it is usually so denominated. 
1 ह ordinary a‘ekhara was م‎ sort of mural crown. In the eighteenth 
stanza we have a sekhara enchased with precious stones. 

According to Hindo notions, the moon has sixteen digits; and the 
first of them never appears in the heavens. The new moon, the day of 
which they call the second of the light fortnight, is held to be a combi- 
nation of the first ne But the writer of this inscription evidently 
conceits that the first digit is not seen, as having been transferred to 


Siva. 
license, इतिं is omitted after fitter, ih the third verse of 
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Si-yo-ki, thaf, about a thousand fis ५१६ N.E. of Ujjayini, he found 
the kingdom of Tehi-ki-t’o, M. Stanislas Julien thinks Mahes'warapura 
to be yore. Proposing, with doubt, Chikdha as the Sanskrit for 
Tehi-ki-t'o, he adds: “aujourd’hai, Tehitor,” Verne des Pélerins 
Bouddhistes, i, 207,424, 4605, Mysore is, however, a long stretch from 
Chitor, instead of a hundred His; neither of these places ‰ N. E. from 
Ujjayini; and the second is not known to श of any Sar anes १९६ 
On this last point small faith is to be put in Col. Tod. That Tehi peste 9 
stands for Chedi may not be alt بي‎ Ns ra random 1 especially 
as we are ignorant how far Chedi extended north Again, taking 
certain mistakes in tin ee would Choli Mahes'wara satisfy the 
blem of the two places which Hiouen Thsang next visited after ` 
[थ| 1 
s. See note بع‎ above, 


t. It is singular ग णृ sides pl ا حلي صم‎ 
century after her death, shoul प consented to speak f her without 
mention of her distinguished extraction. Yet so it was. See the Jour- 
nal of the Asiatic Society of Bengal for 1839, .م‎ 490. 


س٠‎ Ibid, بم‎ 492. The editors of the Journal referred to were, as 
we now know, wrong in taking this year to be of the common Samat, 
and corresponding to A. 7. 875, i 

Thongh I do not see what use can be made of the following remark 
of Colonel Wilford on his patent of Karna Deva, yet I transcribe it: 
“The grant is dated the second year of his new era, and also of his 
reign; answering to the Christian year 192.” Asiatic Researches, ix. 
108. The proposal to throw Karna Deva into the second century is 
characteristic. Of that chieftain's setting on foot an epoch of his own - 
we have here the only intimation. 


v. It ar not be superfluous to note that the eleventh day of the 
light fortnight of Marga, 907, and the sixth day of ا‎ light “jen ht of 
‘ravens, 928, were not Sundays, in the era of V ظ‎ a. قلق‎ 
Devi's ineeri क as printed, does not name the month, the semi- 
lunation, its day, or the day of the week. But I should like to examine 
the copperplate itself, | 

w. see add that it seems to have been aimed, in the manuseri و‎ 
tion of १4 is memorial, to make it as formidable in aspect as practicable, 
To this end, few occasions are left unimproved of doublin g consonants 
where the grammar permits their duplication, and of yoking the final 
letters of sets the initials of those that succeed. For example, we 
have apt, कोय, and even 6825 and गढ ; as also किम्वा, which is an 
error, Egually unauthorized is fares, which is everywhere pot for सिद्ध. 
The dental न ig in two instances, combined Interally with :ع‎ and 
likewise, in several places, with the dental.and palatal sibilants: for the 
sake of conjumetion, the anumedra is changed to न, before a sibilant, in 
81811583 six and thirty-five, Tn the last verse of the twenty-ninth stanza, 
the & of 517 is repeated, although the visarge of the preceeding word 


This abbreviation indicates “the original comp When the word 


contained appeared to be correct, and could not be found in any other 
authority.” The fact seems to be, that the apposition of Chandail to 
Chedi was the mere guess of some ण dit, and a guess سير‎ ८५ 
their remote similarity in sound. Yet it is written, in the Profeseo 
translation of the Vishnu-purdna, p.186: “Chedi is usually consid- 
ered a5 Chandail, on the west of the Jungle Mehals, towards علد‎ ep 
It is known, in times subsequent to the Purinas, as Ranastambha.” 
This annotation is annexed to the im po ssible word “Chedyas.” The 
Sanskrit has Chedi; the people of which are Chaidyas or Chedayas, 
according to Hemachandra. eh و‎ o Mehals ore to the east of 
Chhot& _ Nupur, and conterminous with it; and the e A ee of 
Chandail to the doubtful Ranastamblia is altogether hypothetical, See 
the Quarterly Oriental Magazine for December, 1824, p. 192, foot-note. 
There is no such country as Ranastambha named where Professor Wil- 
son thought he had found one. Bre the Journal of the Royal_Asiatic 
Society, iii. 262. Among the descendants of Nee says the Pro- 
fessor, “we have the Chaidyas, or princes of Baghelkhand, and Chan- 
dail, and Das‘4rha—more correctly, perha ए Das‘4rna—Chattisgher” 
(#ic). र of the Vishwu-puréna. In passing, at p. 186 of the 
[र 





Chhattisgarh eee y *seoms to be in the site of Das‘ima,”‏ ظ 
ong Bi to the east of Chand 0-8 . : |‏ 
M. T he confidingly asserts of the “Tchédas,” that “ils habitent le‏ 
Behir “eB idional :" aud he speaks of Chedi as being “probablement 8‏ 
Tchandail actuel.” Réja-tarangint, 1. 507, note; it, 629. =‏ 

Tt may be conclnded that Rewn and Mundla, in part, if not in all, at 
least as to the second, were anciently enrbraced in the land of Chedi. 
At that time, a8 in times when the old इथ hical nomenclatare of 
` Central India had fallen into disuse, tr also took in something ne the 
District of Jubulpoor. When Dhrishtaketu was lord of the Chaidyas, 
his residence was at S’uktimati; and at one period, if not then nid well, 
a stream of the same name flowed past the capital of Chedi. Hard by 
was Mount Kolihals. MahaiAdrata, Vona-parron, .لاق‎ 805 and 2531; 
ei ene ahi rran, 91. 2342-2368. We might expect to find that the 
S‘uktimati river took its rise in the S’oktimat mountains; but, on the 
contrary, its source is referred to the Riksha range, 8, from which various 
Purinas derive the Nerbudda, the Taptee, and the Tonge, The site of 
the city of S‘aktimati is, therefore, not yet to be settled by the aid of 
its river. Colonel Wilford, with his nsnal eccentricity, relegate the 
Suktimati, “full of oysters,” to parts widely astray from its sober lati- 
tude and longitnde, See the Journal of the Asiatic Society of Bengal 
for 1551, p. 254. । 

The town of Tewar, a few miles from the station of Jubulpoor, was, 
in distant ages, included in Chedi; as has been made out jn + previous 
note (note b): and the first of the inscriptions in this paper shows that 
the jurisdiction of Narasinha was not bounded, in a southerly direction, 
by the Nerbiidda, io | 

Hionen Thsang, the Buddhist traveller, according to his bi a aphers, 
on leaving Ujja pe proceeded nine hundred lis N.E., to the kingdom 
of Mo-hi-chi-fa-lo-pou-lo, or Mahes'warapura. But it seems, from the 
07 
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them to bow their foreheads to his footstool.” On this he observes: 
“There is, however, something wrong in the verse ; -and it seems likely 
that we should have the proper name, in it, of another prince. Ksho- 
nis'warn may be a proper name, instead of an epi ithet: bot“it ॐ not 
+ ordinarily مد‎ used.” As. Res, xvi. 205, It is difficult to form even a 
yuess a8 to what the Professor had before him. At all events, his text 
was miserably corrupt. 

Mangala, a Chilukya chieftain, is esid to have repe‏ عمس 
rija, con of a Sankaragana. . See tho Journal of the Bomt‏ 
of the Royal Asiatic Society, iii, 203 ete.‏ 

The matter of this paragraph 1 have collected from these sources:‏ .و 
Journal of the Royal Asiatic Bociety, iii, 94 ete.; and Journal of the‏ 
Bombay Branch of the Royal Asiatic Society, i. 217 eto, iv, 111 ete.‏ 
The last reference has Kokkala for Kokalla. `‏ 

T have adopted, on examination, an obvious enggestion of the late 
Balagangadhara Sistrin, as regards the topical a Se tation of the term 
५५ rting the relationship between 9 तक्रा and Indra. ey may be 

dded that 1. G. هآ‎ Jacob has altogether misunderstood his original, 
in espousing Mahidevi to Akdlavarsha. 

r- Professor Lassen, in 1827, wrote as follows, touching Chedi and 
its synonyme: “hisce nominibus nil de sita gentis definitar; nam om- 
nia prorsus sunt ignota. Chedes a Wilsone (s. ل‎ ad eam regionem 
referuntur, quae hodie dicitur pages ‘verum hoc contra auctoritatem 
Hamiltonis est, qui शः of Hind., IL, p. 13) asserit, Chandail Sans- 
crite dictum fuisse C a. Totam rem, ut incertam, in medio relin 
quam." Commentatio etc. de Pentapotamia Indica, p. 89. And the 
question, it is believed, has awnited adjudication down to the publica- 
ton of the present paper, 

Mr. Wathen confounds Chedi with oe ع‎ See the Journal of the 
ose ip al Asiatic Society, ii.380. Afterwards he makes it to be “Chandail, 
in Berar." Ibid. v. 45, 346. From Captain Blunt we know where 
Chandail begins, in one direction: but its extent has never been defined, 
Asintic ‘appeal vil. 59 eto. Sir Henry M. Elliot, ur ger ed the 
Chandels, says that there is “a large clan of them south of Burdee, 
giving name to a province called Chandelkband.” i lemental Glos- 
sary, 4 180, 181, But the word 0 allel nc, th |} analogical in 
formation, is, 1 find, nothing but a coinage: like the late Colonel Dix- 
1 Merwird—as it is written aceurately—for what the natives call 
















“Bat if Mr. Wathen’s views are more or less wide of the mark, neither 
can we rel 1 on the dictum of Professor Wilson, who says that “the 
situation of the ancient ki भ of कप is always considered to 
be that of the modem ^ and in د‎ iginal Sanskrit writers 
Renastambha * + is well known to be Chandail and Boghelt, and 
0 3 south of the country termed Vindhyar apa! wa, the skirts of the 
Mie hya mountains” Journal of the Royal Asiatic Society, 1. 304, 
ain he speaks, vaguely, of “Chedi, or Chandail, in central Hindus- 
tan.” Ibid., iii. ० His earliest decision of this point is in the first 
edition of his Sanskrit Dictionary, where we read,’in definition of 
Chedi: “The name of a country; perhaps the modern Chanduail. ع0‎ D.” 
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For the original of these apa and of those shortly to be adduced, 
which has never before been published, I am indebted to the kindness 
of my noble friend the late Sir Henry Lawrence. Professor Wilson's 

of the Sanskrit was manifestly a careless one. See the As. Res, 
202-208. 

द Be € Gablots, as the Gobhilas are vernacularly entitled, Sir 
Henry M 0 writes: “Their neighbors, who for some unexplain 
reason are fond of imputing cowardice to them, say their name of Gah- 
Jot is derived from guAld, a slave-girl; but the real origin is the fol- 
lowing, which is universally believed in Mewar. When thé ancestors 
of the Rana of Mewar were expelled from Guzerat, one of the ns, by 
name Pushpavati, found refuge among the Bréihmans of 
Mountains. She wee shortly afterwards delivered of a son, whom she 
called, from the cave—guha—in which he was born, by the name of 
Gahlot; and from him are descended the present Rannas of Udeypur. 
Their claim to be descended from Noshirwin and 9 Grecian Princess, 
which has frequently been discussed, invests this clan with a 1 
interest.” Supplemental Glossary, + 3323, 323. Sir Henry should have 
seen that this etymology has far too much of the ordinary م‎ lexion 
of native romance to deserve the ready credence he has accord 

Had the name in discussion been derived from guAd, and so etymolo- 

ly सितौ it would scarcely have been changed into Gobhila, 
१ it w क (पाक, and was subsequently 
Gobhila, for seeming canonization, 

o. The nt mention of Hansa is, as [ have Intima- 
ted, the ce hist we have of him was also called 24 unless 
Vairata was his brother, or some other near relative. I again cite the 
inécription from Mount Aboo 


+ * د 


दोर्दपरदयमप्नवैरिवत्ततिः aay! aye + 
चक्रं 12777171: ॥२६॥ 
ates pits निद्ताप्रपकिद्धिषि । 
वैरितिंदम्तत्चक्र a :ج5503‎ मुवि ॥ २७४ 
व्य्ठोरस्कस्तनुमध्व TASHA: । 
, वित्रयोपपदः सिंदस्ततो <रिकिरिपो अवधीत्‌ ॥ २८ ॥ 

‘Vairata, a lord of earth, who destroyed the abode of his جل‎ ge 
with his two staff-like arms, caused, by his might, the heads ose 
inimical to him to toss long, on स > ١ क 

That ho had destro is adversaries, 
in the or te Vairisinha a the lion of his foes] justified his de- 


signation the earth 
‘Of broad chest and slender waist, making the dwellers of the earth 
to tremble at his battle-c ५ [i. بت‎ the lion of conquest] then 
slew his enemies, as they been elephants.’ 
1 agraphs, 
“the king ofthe world, having slain t 








म 


afamons place of worshi 8 to 0 day, on the Narmadé: and built by 
ong of his ancestors.” 1. Wilford inthe As. Res, ix. 103. 

= The para of S’rikarga Deva, mengioned in the grant, were, 
first, his ss प Deva, with the title of سيا‎ द kantaka: he 
died in a loathsome dungeon, He was the son of Kokalla Deva, whose 
nay was Lakshmanaraja Scan Id., ibid., ix. 108. 

1 غ1‎ easy sta 1 to imagine how Colonel Wilford would have spec- 
ulated on a Kokalla’s having a son S'adruka, had*he been aware of the 
circumstance. . 5 

h. See the Journal of the Asiatic Society of Bengal for 1839, p. 490: 
also note 13, farther down this paper. । 

١٠١ Yas‘nhkarma Deva is the form in which, doubtless by mistake, 
his name is elsewhere written. Ibid., p, 490. 

j. Gayékorna, the more موس هو‎ form, is found in my second 
inscription, and in the grant is by Gésala Devi. £ 

Her name has also appeared a5 Arhana Devi. See the Journal of‏ معز 
the Asiatic Society of Bengal for 1830, p, 490.‏ 

1. This prince, it should seem, left no offspring, malo or female. 

m. Ajayasinha is placed in the year 932 of an unspecified era. See 
the Journal of the Asiatic Society of Bengal for 1839, p. 492. His con- 
sent to the grant of a village, made, at that time, by his mother, was 
considered to be necessary. As further evidence that he was only heir 
expectant to the goverument, and not actually in possession, we have 
the argument that he is styled تج‎ 

mn. This appellation is the same as that of one or more ancient sages 
who have written on Faidika matters, The immedinte successor of 
the founder of the Udeypoor dynasty is called Guhila, in the only other 
inscription yet found, one from Mount Aboo, where he is commemo- 


WTAE aA: सुपा 
® اذام‎ caffe: ॥ 
कलायो ai sper 
ا‎ गृदित्नम्य aa wun 
‘Preéminent is the generous race of Guhila; abounding with branches 
and offsets; of good progeny; of laudable attributes; whose vehicles 


adorn the directi Guan 0118 ; कः ' ده‎ the heads of monarchs.’ 
In translating, I have neglected the puns. 
चष्यक्तस्य तनयो नयनता ` 
स्य नान कलिनाःङ्िलिन्नातिं 
भूभुनो दधनि तत्कुलत्नानाः ॥ १५ 


. “The son of Si ano was King Guhila, so called; a master of policy 5 
the pur- 


and whose name era spru 36 from his family invoeate, for 
pose of obviating the collective detilements of the Tron Age.’ 
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mantipuri,” a4 according to the translation, That the original rans 
42 त्वचा, is not an woressonable conjecture, 
is, thus, ee, clear that Chedi, at one time, extended down the 
Nerbodda almost to the western extremity of the District of Jubulpoor, 
as now defined. 1 shall return to the consideration of Chedi a few pages 
forward, | | 
ظ‎ me Professor Lassen's deductions from the legend of the slaughter of 
i apt scarcely such as to command unqualified assent. Sea his . 
* Indisehe Alterthumskunde, i. 71, 72, foot-note. 

», Under the reign of Lakahmidhara—son of Udaydditya, and grand- 
son of Bhoja—a t of a village was issued by his younger brother, 
Naravarman. Its inte is A.D), 1104. Naravarman lived till 1133, See 
the Journal of the Bombay Branch of the bay emery >i (1843). 
977-281; and Colebrooke’s Miscellaneous भ gs, ii. 303. 0 will here 
simply mention that the speculations of the Inte Mr, Henry Torrens, 
which ne back the era of Udayiditya to the seventh century, are 
utterly without foundation. This 1 shall show at length, in a future 
communication. See the Journal of the Asiatic Society of Bengal for 
1840, p. 545." - 

a, Their gentile denomination was, perhaps, Kulachuri. | am not 
prepared to are relation, whether that of identity, or otherwise, 
may have su between the Kulachuris, “ Karachulis,” Kalachuris, 

and “Kalabhuria.” See the Journal of the Asiatic Society of +; 
for 1539, .مم‎ 488 and 490; Select Specimens. of the Theatre of the H 
dus, ii. 359 (second edition); and Journal of the Royal Asiatic Society, 
1. 259, and iv. 19. 
يه‎ Vontha Devi, daughter of a Lakshmana who governed Chedi, 
became the wife of cherie SF if the name be not Vijitaditya—a 
prince of the Chalukyas. See the Journal of the Royal Asiatic Society, 
1. 261; iv, 7, 40; v. 346. 


f, The term 1 is much more like a title, ‘prince regent,’ than 
Eng appel lation. For an apparent example of it 0 the name of a 


king, see the Journal of the Royal Asiatic 0, iil. #9. 
عاو نه‎ Yuvaraja is an antonomasia for akehi Deva, is a reve 
lation for which we are to thank a writer ee has never yet been taxed 


with excess of critical scepticism. In the present instance, however, 
there is no reason why his word should not be taken without reserve. 
The fact here ا‎ was immaterial to any of his theories, 
1 mean Colonel Wilford. See the Asiatic Researches, ix. 108. 

g. He founded the city of Karnivati. See the Journal of the Asiatic 

Society of Bengal for 1539, .م‎ 489. Karndvati may have been misread 
for Karnivali. If so, perhaps we have it in Karanbel, now a heap of 
rains, only afew miles from Bhera Ghat. But local tradition refers 
Karanbel to a chieftain of GadhAmandala. 

“The famous S'rikarna Deva, in his grant, lately fonnd at Benares, 
declares that he was of the Haihayn tribe, who lived originally on the 
banks of the Narmada, in the district of the western Ganda, or Gaur, 
in the province of Malava. Their residence was at Chauli Mahes'wara, 
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Nores on Tue Inrropuctioy. 


a, Near this spot I saw a temple, in the cireumjacent close of which 
Were mutilated images, of large size, of the sixty-four Foginis. 
_b. When at this place, on enquiring its ancient name, I was told, by 
the village oracle, that it was the Tripura of the Parinas, ظ‎ 

In the eighth chapter of the Revré-méhdtmya it प चत that (प्त 
kshetra, where Siva flung down Tripura the Titan, lies to the north of 
the Narmada. 4 

The twenty-ninth chapter of the same work somewhat discordantly 
relates as follows, The demon Bana, in reward of his austerities ss 3 
votary of Siva, received 10 from म the gift of a city. जप and 





Vishnu cach adding another, he obtained the epithet of Tripura, or 7pl- 
mous, When slain by $i ४१) os he was traversing the heavens, ه‎ part of 
his carcass fell near the well-known mountain S'ris‘aila, in Siddhakshe- 
tra; another fragment, not far from Amarakantaka; and the remainder, 
in the vicinity of Gangasigara. The weapon, Aghoristra, with which 
he was demo lished, reached the carth at a point of the Nerbudda hard 
by Jales'waratirtha, and sunk to Rasdtala, the nethermost of the infernal 
stages. Whero this tale is briefly rehearsed in the Ganevopapurdna— 
Stig ante chapter seventy-one—Dana carries off Pradyumna; whose 
father, Krishna, Attacks the giant, and, after ८1 Ganes'a, over 
comes the monster and takes नं ion of is a, Sonitapura, The 
Vishnu-puring tells عد‎ very different si . Bee 1 filson’s translation, 
७ bin Some ten chapters of the first half of the Ganes‘opapurdna, 
sr ¢ with the thirty-eighth, are {५२ up with Tripura or Bana, 
named from Tripura, as being “dn moderne pays de Tipparah" (Raja- 
farangini, tit. 610). It ix stated, in the course of the legend above re 
counted from the Revd-méhétmya, that there is a 9 ura in the 


sigs ighborhood of Sris‘aila. That the town vulgarly callec Tipperah, 


which gives name to a district of Bengal. is more properly Tipura, b 
oo tha of the Sanskrit Tripura, 4 have the hig 1 क 5a 
Ca ke. See his Remarks on the Husbandry and Internal Com- 
merce of Bengal, London edition of 1806, pp. 28 and 30; and his Mis- 
cellaneous “pret 3, 11. 241. Some relevant but unverified assertions of 
Colonel Wilford will bo found in the Asintic Researches, xiv, 451. Of 
the situation of the third Tripura, or nen iri, evidently the most noted 
of all, there can 1 1१९०११०१. The Tripuri named jn the शतत 
Zov'a 15 explained 1 Professor Wilson, in his Sanskrit Dictionary, as 
being “the modern Tippersh.” But the Haima-kora, in my Manuscript 
copy of the text and commentary, gives, as another designation of Tri- 
puri, चदिननरी ; which, in the Calcutta impression, is corrupted to 
Sarit. Ihave not access نا‎ the English or other new reprint of this 
apy tes Professor Wilson also inadvertently gives 347, the adjec- 
tive of 19971 os an equivalent substantive, | 
I suspect that {4 21101357, spoken of at सभु of the Journal of the 
Asiatic Society of Bengal for 1839, took pla at Tripuri, not at “Sri- 


Ve! 
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SA दघ्या Yea याचतु सर्वलघुवेत्‌ । 
प्रस्तारो <a arent: इन्दोविचितितदिभिः ॥ 


A more explicit explanation, and one specifically adapted to 


_ the combinations before us, may be given in these words, Write 


U four times in a horizontal line. Under the first to the left 
lace an I; and, to complete the second line and variation, bring 
0 the other three, to accompany it. 11८ -same process is 
again and again to be repeated. The U which stands furthest 
on the right is always the letter which governs the leading con- 
version next to be effected; all the letters to the mght of that 
directly under it being exchanged for U's. Thus continue to 
operate until a line is brought out made up of 18. 
Suppose, again, that only the number of a variation is known, 
and it is required to ascertain how that variation is constituted : 


TES यो eT सम च लः । 
विधन Samat तदर्धं aT 
In other words, halve the figure, if the result will be an inte- 


ger. If not divisible by two without a remainder, first add 
unity to it. When four numbers are thus obtained, subscribe 


U's to the odd, and I's to the even. 

7 1111 Able. 12632 16 8 4 8 

2 एए एणा 1 11 1 11-1 
Once more, the components of a variation are given, to find 


its number: 
sigae ا يي ا‎ सयालिचत्‌ । 
جود‎ चे च 7511772: 
Write 1, 2, 4, and 8 beneath the four literal symbols, respect- 
ively; and increase by one the sum of the figures attached to ^ 
the Ys 1 gi Be} 






11101 077 11105151114 

E. g. 1248 1248 1248 1245 ` 
0-11-1. 4-1-15. 142484112. 1+42-+44-+48+1=I6. 

The couplets which follow, in the original, however curious, 
are of little practical value. Two of them show how भ deter- 
‘mine the number of variations aul te one [ and three U's, 
two I’s and two U's, ete. Afterwards, the construction of the 
khanda-meru is described by implication. 
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rily described, is the same as the Smriti; some, on the other 
hand; holding it to be one with the Maniprabhi. The Vipari- 
tikhyinaki, again, is equivalent to the S'tvi,; or, perhape, on A 
different view, it corres ponde with the S’ubid. Very 1 Key the 
comprehensive nomenclature about to be brought forward is of 
somewhat late origin. It does not, however, furnish ap ४ 
for mere factitious or new-fangled refinements; as will be seen 
—to go no further*—by the annexed references to a few of the 
first fifty-nine stanzas of a single canto of the Raghuvans'a.t 
The pure feet oN and the pure Jndravayri constitute, re- 
spectively, the beginning and the end of the serics. 


Sanskrit name. Prikrit name. Composition. §Eaghu., IL 





No, 

2. Muniprabhd, or Kirti. Kitt. इण. 39. 
3. Adntimail or Vani, Pani. 0 UT. 1. 
4. Sal or Mala Mala, L100 15, 
5. ‘Gali, or S'ald. Sala. UUIU. 28. 
6. Smriti, or Hanst. प्र, 771, 2, 
ध. Kris'é, or Mayd. 64. 71.717, 59. 
8, S'ri, or Jéyd, 4६6. 1771. 29, 
9. Dhriti, or Bald: Bald. UUUL 6. 

10, Unnatd, or A'rdrdé, Adda, IU UL 13. 

/ 11. 554, or Bhadré, Bhadda, TIUI 9. 
12. Varidhard, or Prema, अला. riod 16. 
18. ritimati, or Ramd, Fama, 711 8, 
14, Priyd, عن‎ कदा 110 IVIL 31. 
15. S'ubid, or Puddia, Suddhi. 1 111 1: 13. 

The metres of this table are disposed agreeably to a method 
which evidences some ingenuity. The ensuing couplet—which, 
like those that follow it, is from the Vritta-raindkera—states the 
rule 

We 55771315 74 न्यस्य गुरोरधः । 
वोपरि तथा प्रवं भूयः ج50‎ विधिम्‌ ॥ 
3-0 . । SSS 2 م 222222222522223 سي‎ 


+ + = कणौ excepted. See Prof. Lassen's Antholsgia Sanseritica, p. 104: and his lGita- 
क. -- govinda, Prolegomena, कृ; उद्र, Dr, (पाण्ट جا‎ का the mme 0 like 
| manner, wrongly bolds that the Jadravajrd may commence with a palimbacchiua, 
or whth an amphibrach, at pleasure, See his Mdlavikd ef Agnimitra, p vil, It 
ey OS be observed that the stanza which he there numbers عم‎ the fiftieth haa twelve 
syllables to the verse, not eleven, It is, therefore, [कतनत 9 metre which 
४ ४ from the Upendrorafrd, by simply exchanging its final syllable 
or an 
ॐ The eleven stanzas, blended of Upendravajrds ravajrds and Jadravajrda, which oveur in 
ना سا سوا ليسي‎ ja ladle gene | 
¶ My 7, of the following तनयो ore the ChAando-mdrianda, هد‎ लाल 
in the Vritteratedbarddars'a of Div , Bhatta, eon of Mabidera Bhatia; anda 
treatize on Prikrit prosody, ray copy of which is defective at the commencement 
and at the abu: sna on, and of which | know neither the title nor the author, If the 
Sanskrit named in the first column bore given have Prikrit representatives, 1 have 
not met with them. ॐ 5 " 





TRANSLATION. 


1, We render homage to the supreme Brahma, who 7 intel- 
lect and felicity ;7 adored by Brahma and the other भिण erior dei 
ties; Mahadeva 4 god of gods: वि) of the world.” 
Ps ‘The son of the fortunate King Gayakarna, the auspicious 
King Narasinha Deva, has fate اموا‎ the earth, May the fortu- 
nate Jayasinha aii the equitable prince,™ his younger brother, 
long be triumphant! ` | 

4. Kes'aya, son of the late A‘ladeva Astaka, the Brahman go 
called, procured this a le of I’s'wara to be constructed.™ 

Tn the year 928; Sunday, the 6th day of the light fortnight of 
Srivana; the moon being in the asterism Hasta, ` 

Family name™ of Kes‘ava, the collector™—Katyéyana: his 
residence—the village of Sikha, in Malayaka.™ | 


शहा +, INDEX TO THE FORMER OF THE FOREGOING - 


INSCRIPTIONS. 

No, of stunga, 4 Kame of metre. 
1, 5,8 15, ` | न 
17, 18, 20, 26. | Vasantatilaka, 
१.) न्व 
13, 14, 22, 25, S'érdilavikrid 
4, 10, 11, 23, ظ‎ are 
28, 30, 35, 36, 37. । Vakira, 
3 S'ubhé. 
16. Malini. 
19, 27. Upendravajrd, 
ei. मन 
94. Sati, 
29, Stalin, 
81. Indravajrd, 
32, 34. Varidhard. 
33, A'ryé, 


None of these mé@tres call for special remar Ek, except those of 
stanzas 6, 21, 24, 32, and 34. = In these we have quatrains com- 
posed of the Jndravajraé and Upendravayré measures intermixed. 
"he modes in which they are combined were long ago alluded 
to,” but have not yet been detailed; and the A'kiginali, which 
Colebrooke correctly limits,+ has व been understood 
as embracing all these variations} The A’k/inaki, as ordina- 








* Colebrooke’s Miscell. Exenys, ii. 100. 
Ibid, ii, 124, 164. ह ١ 
a Dr. Stenzler’a 1 tel .م‎ 174; and Dr. Boehtlingk's S'diwafala, p. 200, 
ther editors have gone still forth sates Jo sep لجسن‎ the term Jadravajri to 
denote a tetrastich of any of the sixteen sorts on 5 text, the Upendrarajrd 
TOL, Vi. Go । 
क, 
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31. Let the auspicious Rudraris'i, a Pas'upata™ ascetic, of the 
Lata™ race, and jus heirs smritual, fitly administer the duties of 
the charge of this establishment, till Sambhu shall mete out die 
duration of the spheres. 

82. In the family of Maunin—connected with three branches, 
those of Bhargava, Vaitahavys, and Siavetasa"—was born, of 
Mahes‘wara, so called, one Dharanidhara, by name; a person of 
ba repute, and good presence: 

38. By whom—adorned with rpm ac rad as his frontlet, 
replete with exuberance of exalted tenderness, and whose grati- 
fying ¢ oe long endured—the three worlds were, so to speak, 


94. His son, Prithwidhara—who has scanned the forther shore 
of the AS! main of all Sanne, ome whose concourse of dis- 
ciples has conquered scholastically the round of the quarters— 
transcribed” this encomium. 

85. His—Prithwidhera's—youn ger brother, of sin gules skill 
among such as are conversant in logic, the leartied 5’as‘idhara, 
aa was his भृगु ellation, composed this memorial : 

36, All this the artificer“ called Pithe, proficient in the ordi- 
ae of Vis'wakarman,™ has regulated; as Prithu disposed the 


_ 87. Mabidhara, son of the chief craftsman, Balasinha, wrought 
this stone with characters ; न is bestrown with stars. 

नशु the 11th day of the light fortnight of Marga, in the 
year 907. 





Ixscrrprion No, I. 


1114 धर्‌ Ae त्र््यादिमुरसेवितम्‌ | 

वन्देमक्ति 15 देवदेवं 20275 win 

AMOI FATAL AST 

तिग्ये yar ea समाट्‌ नीवाच्‌ चिरं श्रीनयसिंरदेव 

विप्रो at °त्तकनामा.भूदात्तद्वस्तदात्मन देवस्तदात्मनः | 

केशवः कार्वामास प्रासाद्मममिशचर्‌म्‌ ॥३॥ = 
संवत्‌ १२८ श्रावणसुदि ६ रवौ रस्ते ॥ ~ 





# नावककेशवस्य गोत्रं कात्यायनं स्थानं मालवके ATT 


॥ 


| 


05 
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19, He, Vairisinha, moreover, consigned the kinsmen of Ais 
adversaries to the recesses of dleep caverns; and, entering in व 
son, caused that their women™ neglected their tresses altogether. 

20. OF him was born King Vijayasinha; the good fortune of 
whose foes was overborne by the pressure of ae nee and 
chivalry, deserving the congratulations of all the people; and 
the moon of whose glory was waxing in the world continually. 

21. S'‘yamala Devi, the beauteons daughter of be bp in 
supreme ruler of the realm” of Malaya, was his consort; 9 talis- 
man” of bountiful courses, and lauded for Aer elegance, 

22. OF him, “eke Alias ٠+ equal to the custody of the 
world, was born, by her, Athapa Be vi; in presentment, the spot- 
less fluttering pennon of her long-descended lineage > as the 
wife” of S’ankara Aad her origin from the Master of Mountains, 
by Mena,“ and as the spouse of S'ubbrabhinu sprang from Dak- 

a creator ९, human family, by Virini™ her 
. Ko Kang 6 | 1 بمبسى‎ celebrating nuptial rites with Aer, be 
stowed on her ghest affection; even as S’ankara on S'iva.™ 

24. She, 1 mansion of erotic ese म pinnacle-ball™ of 
accomplishments, a wreath of loveli + emporium of exeel- 
lencies, brought forth, by King Gayakarna, a son, King Nara- 


glory عه‎ it were imbue the walls of the he 

earth, obtaining in him a fitting مدي د‎ ties thus enjoy. content, 
ल mae of foregone mighty monarchs it shall take no slightest 
thought. . 

26. May his younger brother, Ja 2 sinha Deva—in wondrous 
wise doing honor to Ais brother, the first-born; like as jor Adama 
rejard was had by Saumitri—be eminently Ms اح كم‎ who, 
stron sabe defeated a enemies’ gh strepitant as dhunder- 

| as teeming with stratecy, and comprising warriors of 
प stalworth لك‎ + Devt ف‎ 

27. That lady, the open-handed Alhana Devi, mother of tha 
ha ppy Narasinha Deva, occasioned this ne aie of Indumauli™ 
to be and this cloister, with its admi pavement. 

` 28. The same, by the agency of her commissioners, constructed 
this hall of learn fs fe and line of gardens, wanting for nothing, 
in two nee | tached to the temple of S‘ambhu, 

29. To this divinity, entitled Vaidyanatha,” the qaeen—to the 
end that Aer good deeds mia ht be blazoned—set apart the village ह 
known by the name of Undi, in the canton™ of Jaiilf, with all 
. the dues exigible therefrom. 

80. In like manner she appropriated another villas, ealled 











Makara وس جز‎ म south 
bank of the Narmada, | ie 


> : = 
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acquired infinite distinction; and who, an all-bestowin ट tree to 
suppliants, as making Mount Meru unworthy of similitude, placed 
this earth, though lying below, above elysiam, and rendered it 
a fit habitation for the gods न 
10. The vine रण whose renown—a vine sprinkled with th 
nectar of meritorious achievements, and promotive of pure ex- 
cellence—oxpanded itself over the entire pavilion of the cosmic 


595 OF him—who र with gold the ocean of impor- 
tunities of his crowd of petitioners; and of coveted celebrity— 
was born ‘ch Eine Karna: — = 

12. Which king, unprecedented in splendor, maintaining the 
full energy of heroism, the Pandya discontinued violence; the 
Mutala renounced ail inclination of arrogance; the Kanga ne- 
gotiated an audience A ee with the Kali i solivit- 
ous to do thereafler; the Kira, कु like a ot, stal id ic in his house, 
as a cage;!® and the Hiina' dismissed Ais elation : 

13. Princes at variance with him م‎ whose consorts severally thus 

protested: ‘This whole ete , which he enjoys in consequence 
of the defeat of our lords, will we, as it were, diminish to view: 
for that, by the tears springing from our eyes, we have made 
great the seas; and we have, moreover, agerandized them by 
he su 0 water" of our jewels.’ 
14. From’ him the illustrious Yas‘ahkarna derived Ads honor- 
able ori gin who lighted up the circuit of the quarters with the 
moon of the fame which accrued fo jim from devastating Cham- 
paranya;"” whose heart was free from crookedness; preéminent" 
among rulers; who, holding all learned men whomsoever in 
न them by Ais munificence, 

16. From him, a treasure of the 3 erfection” of all virtues, in- 
scrutable, अ eg Gayakarna Deva; the very sun of whose 
grande randeur availed" to ring about the uprising of a sea! of مومعل‎ 

ion to the wives of Ais foes. 

aut 16. A monarch was he, who, in brightness of pis االو‎ mpler 
rivalled oe iment; who was a cornucopia”! of pro iy , & gar- 
land of diffusive — the one destroyer of the hordes of Ais ` 
enemies, of unsullied splendour in battle, restrainin awe wicked 
by Ags peaming. g tlory, and whose sword was of the keenest. 
„117. The race* of the sons of Gobhila is of note among the na- 
tions. Therein was born Kin Hansapala; by whose thronging 
armaments, equipped with galinkary: and irresistible, the mar- 
shalled squadrons of all combined antagonists were humiliated, 

we Abi issue of se bod Ags the ee King Vairisinha ; 
whose feet were tin reflection of the head-gems in the 
frontlets of all tributary chieftens prostrate tn وحم‎ fealty : د‎ 
a repository of faultless wisdom, but not, indeed, an asylum™ to 
IMPerious suitors, ¦ 















out- 


= 
~*~ 


Ky 





TRANSLATION. 


Om! Glory to S'iva! 


1. May the lunar digit on the brow of the Moon-bedecked— 
which digit, though but one, and tndividwal, yet, even in the ab- 
sence of evening, constantly begets the conviction, as pertains to 
the opulent in attendants, that it is the second—augment your 
prosperity, and preserve t unimpaired.! 4 

2. May the ranges of sacred watering-booths—chafed by the 
व leaping waves of the celestial river which meanders 
on the head of 3 iva—protect you. Is it lines of white lotoses 
that present themselves? Or divisions ef the moon? Or germs 
of virtuous deeds? Or, else, the sloughsof serpents? Or, again, 
eruptions of ashes? Thus are they made the subject of specula- 
tion by the immortals.* ظ‎ 

3. That which is a زه‎ element; that by whose rev- 
olutions the earth is 1 uminated ؛‎ that which imparts happiness 
to the eyes of the world; tat which is the cause of diversity 
ee and the like, whose inhesion is in the terrene; 
that which is tel esis doce surcharged with odor; Ae that sacri- 
fices; that which tw absolutely cold; and that which is tactile, dud 
devoid of color: may S'iva, by virtue of these material forms,” 
defend you. 
_ 4. May Nilakantha'—exciting, by the display of his javelin and 
battle-axe,° affection in Ats votaries; the smeared wit 4 camphor ; 
and exultant in Ais dance 3 fer on you all objects of desire, 

5. May the Elephant-faced*—counterfeiting ivory whiter than 


the jessamin, in bearing a lunar fragment’ potent to dispel the ` fet 


darkness® of multitudinous impediments, and free from the small 
est stain—compassionately accord to you supreme felicity. 

6, May Saraswati—practicing, with manifold elocution,’ all 
her devices; and by employing though but the minutest rudiment 
of whose blandishments, men inspire, in assemblies, the highest 

reverenve—support you. 

٠ 7. In the lunar line" there was a sovereign, by name Arjuna: 
— or of a thousand arms; a fire, by mght and ay, in sub- 

Roary ing the hearts, one after another, of all dwellers in the three 
worlds; by jis effulgence p aie contempt on other monarchs ; 
and, by the recollection of whom, things long ago lost, or taken 
by thieves, are, even to this day, recovered,!! 

8. नि ष्ट" 015 descendants arose Kokalla Deva: a famous 
lord of earth; whose story, though most wonderful, is yet not 
mythical; wearing 2 شد‎ ier: and whose name, invoked, 
“9. Brom bim sprang King Giageya Deva sha, by he de 

. Hrom him sprang - angeya ia 4 
comfiture of ا‎ penees sustaining huge mountains of pride, 





i’ 


508 | RE Rall 
عع ست‎ व्यधत्ताम्‌ । 
प्यानस्व रृत्ताविधिमस्व तावटू 
धावन्‌ मिर्मति भुवनानि शम्भुः ॥६१॥ 
Srveith मौन्यान्वये भाग॑ववेतदव्य- 
3 كرس ع عي عن‎ 
م‎ 11+ AUT SAT 
TAT गरिम्णा वणसा PAT च॥३२॥ 
कोमलकातितटालेनोचेः्नेद्धातिनारभरितिन । ` 
CERIN तरिमुवनदीयाचितं वेन ॥३३॥ 
पृष्वोधरस्तस्च सृतः समस्त- | 
गभीरशाख्ा्णवयारटश्चा ١ 
प्रणस्तिमेतामलिषट्‌ प्दीयेर्‌ 
gaze शिष्वगीरविनिग्ये ॥२९॥ 
वर्‌ननस्तकनिष्णाताद्रुतनेघुणः । 
प्रगस्तिनकरोदेतां सूरिः शणिधराभिधः ॥२५॥ 
Irae सवे विश्रकर्मविधानवित्‌ 
पीथेसममिधः सूत्रधारः पृथ्वीं Gamer ॥३६॥ 














शिलां तथाकरोट्‌ वर्णेनमिस्तार्‌कि्तं यथा ॥३७॥ 
सवत्‌ too मागसुदि १९ Tat 


~ यि Cece ~ 
* The first half of this line faultily ends with the middle of a कपे, the syllable 
त्त ; هذ‎ contrariety to a motrical 
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para वैनमुचितं प्रीतिं तया प्राप्रवात्‌ 
FAT न व्या मनागपि मद्धान्नोणीमृतां ध्यायति ॥९५॥ 
MAST विन्नवतां sarees: 
सौमित्रिवत्‌ 22716] 712729 ١ 
धो मेघनाद्बट़मावमद्धातिकाव- 
Aa दिषाममिभवन्नदद्ध cee ॥९६॥ 
ग्रकारयन्‌ मन्द्रिमिन्डमौलेर्‌ 
इद्‌ मठेनाद्रुतनूमिकेन | 
Tay श्रीनरपिंद्देव- 
प्रमूरसावल्दृणदेव्युदारा ॥ २८॥ 
व्याल्लानणालामुष्यानमालामविकलामम्‌म्‌। cal 
wad स्ववं Weed Fist: ॥२८॥ 
देवावास्मे ا‎ 1 
Mag देवी जाञ्त्तीपत्तलायाम्‌ | 
गरामं नाम्ना नान 3121 सवी-" 
amt सार्धं चार्चचीप्रसिये ॥ २३॥ 
नर्मदादक्निणे कृत्ने पर्वतोपत्यकाश्रये । 
TH APL AT मकर्याटकम्‌ ॥३०॥ 
लाटान्वयः पाणुपतस्तपस्वी 














= Here is another prosodial defoct, similar to that pointed out in the fourteenth + 
stanza ur 
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तस्मादनायत 11 
111701155121515 इति प्रवध- 

मानः सदा गति यस्य यशःतुधांशुः ॥२०॥ 
तस्वाऽभवन्‌ मालवमणए्डलाधि- 
नाथोद्यादित्यसुता सुपा | 
AAU शामलदेव्युार- 
चरिजिचित्तामणिर्चितप्रीः ॥२१॥ 
मेनावामिव शङ्प्रणपिनी Aiea नायका 
वीरिप्यामिव spear दत्तात्‌ प्रनानां सूनः! 
तस्सादृल्द्छणदृव्यन्नावत नगद्र्ताच्तमाद्‌ भपतेर्‌ 
Glen निनद्‌ाघवंणविशणदप्रेडत्यताकाकतिः ee i 
विवादविधिमाधाय MCC TIC PEs rE 














चक्रे प्रतिं Tea शिवराघामिव शद्रः ॥२३॥ 
AA कलशी कलानां 
तावए्यमातला गुणपण्वभूमिः। 
aga पुत्रं गवकरणनूयाद्‌ 





spent रव ।‏ وج لجع 


عيضم يم ننه 
Tae तनन TRUS: |‏ 
चस्य 27117111 Saat‏ 
णोकार्णबोदयनिदानपद्‌ AAT‏ 
शीलताकल्यणात‏ ل 





शिततर्करवालः सो Saag ATT: wien 
Bet Adare गोमित्तपुत्रगोचरं 
तत्राऽननिष्ट नृपतिः किल soe 
ीघीवसन्नितनिरर्गलपिन्यसङ्‌- 
नम्रोकृताषिलमि्तद्रियुचक्रवात्त nou 
aay aA प्रणमत्समस्त- 
सामत्तणेवर णिः 
प्रिविरितिंदवसुधापिपतिर्विशुढ- 
عجو‎ Tas चोः wien 
स वेरिसिंहो sag रिपूणां 
कुत्तानि गम्भीरगु्धागृद्धाणि 
स्ववं च तेषामधिशष्य चक्र 














د 
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पाए्दाश्रण्डिमतां मुमोच मुरलस्तत्यानन गर्वस्य ' 
أ بج‎ सङ़तिमाननगाम चकमे ag: Alas Ae! 
कीरः BATT TAs इणः प्रुष नरौ 
चस्मिन्‌ रानि शौर्यवि्रमभरं eee ie 
Tea सकलां Ay भूवं वामसौ ` 
तामेतां Aare तनुतराकारामितीव सख्यः! 
aay बष्येः पवोधीन्‌ व्यधुः 
स्फारान्‌ TA a: पुनरमी ` संवधकाच्चक्रिरे ॥५३॥ 
FAUNA ace भासवन्‌ 
प्राणाचक्रमवक्रमावद्द्‌वः 77711019771111: ١ 
तस्मात्‌ aA समाससाद्‌ विशदं श्रीमान्‌ वणःकर्ण र-' 
त्वौदावीद्‌ ।धनिकीचकार्‌ विवरान्‌ वः प्रच्य सवीनपि 








* The oq is rather dim in my facsimiles, The word in which it occurs ends a 
line on the stone, which is bere somewhat worn. ‘There is mo doult about the 
ह ; स्वता is the only form given in the dictionaries; but स्पृ ia equally gram 
matical, 

+ Imay as well remark, concerning this unusual name, that its appearance on 
the stone in euch as to preclude all uncertainty, No. person who is familiar with 
Indian inscriptions need be told that शकु; was here to be expected. Had this, 
however, been the intended reading, the method observed, without exception, in 
this inscription, would lave converted the nasal point, at the end of the forezoing 
rerse, into m त, 

+ In these words, at the termination of > line, the stone is slightly broken. The 
क्ता is unmistakable: but the conjunct 7 has no authority but indisputable neces- 
sity. The verb 2957“ is completed, in the next line, with perfect distinctness, 

§ This division violates a law of prosod 

| Some letiors are here missing, on the stone, directly beneath the °Tar- spoken 
of صا‎ the last note but one. The y in plainly legible; and the following line com- 
moncea with "7. My suggestion of °fapat- will hardly be challenged. 
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سي 
श्रातन्वती पातु सरस्वती वः।‏ ` 
गल्लेगलालित्यलवाद्पि स्यात्‌‏ 
पुंसां गरिमा गरीयान्‌ ॥६॥‏ وعم 
गोत्रे Tray मूपतिरमृद्‌ विभ्रत्‌ तरं करान्‌‏ 
प्रत्येकं त्रिनगन्मनोविनयने रात्रिन्दिवं नागुविः।‏ 
तेनोमिर्नगतीमृतां TAT ATA संस्मृतेर्‌‏ 
यस्याऽ्याऽफ्यधिगम्यते वसु गतं नीतं च चौरधिरम्‌॥५॥‏ 
तस्याऽन्वये समभवत्‌ प्रचितः पृथिव्या‏ 
नाघः FASE वृधा न TET‏ 
कोकल्मदेव इति fees‏ 
नाम ॒तरिलोकमुखसनज्नननेकधाम ॥८॥‏ 
नेर्नित्योर्नितगर्वपर्वतमृतः प्रत्य्चिपृ्वीमुनः‏ 
प्राप्रानतवशा SAT नृपतिर्गद्धिवदेवस्ततः।‏ 
Tat चेन विधाय Ape कल्यद्रुमेणा्थिनां‏ 
स्वगद्रधमधःस्थिताऽपि विवुधाधारेवमापादिता uta‏ 
पुए्वामृतेन संसिक्ता प्रुटसचप्रवर्धिका।‏ 
वत्कीरतित्रततिः सर्वे व्याप 22072397 ॥१०॥‏ 
तेनाऽ्ननि ATT: कणाः स्वर्णेन कुर्वता ।‏ 
धरणतृलाणीवानर्धिसा्ीनर्धितकीर्तिना ॥१९॥‏ 


7 


~~, 
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art, नमः शिवाय । 
कल्याणितामविकलां भवतां तनोतु 
माले कल्नानिधिकला शशिशेवरस्य । 
केव वा प्रमयसाधगतां दवितीवा 
बुद्धिं प्रदोषविरधे ऽपि करोति नित्यम्‌ ॥९॥ 
किं मालाः pager किं शणिकलाः कि धर्म्यकमींकुराः 
किं वा कच्चुकिकञ्चुकाः किमथवा Aras ATCT | 
नाकिवितकिताः णिवणिरःसच्चारिनाकापगा- 





इत्यं नाकिवितवि 
रिद्दल्गुतरद्गमद्धितितवः पुण्यप्रपाः पात्तु वः ॥२॥ ` 
मूतं ag विनु वह्‌ विभाति भृवनं वदिभ्रमादू चत्र नगन्‌- 
ara धराश्रयरसायन्यवद्धेतुखच चत्‌ । 
च्‌ War यच्‌ च वन्ते शीतं पदेकात्ततः 
TIT TETAS TFT शरीरैः शिवः॥६॥ 
णक्तिदेतिपरप्रीनिेतु्न्द्रकचर्चितः | 
ताण्टवाउम्बर्‌ः कुयान्‌ 21: प्रियाणि वः ॥8॥ 
विघ्रौयस्ततमससंदरणाव शक्तं ظ‎ 
कलङ्कललया शकलं सुधांशोः | 
कृन्दावदाततर्‌दनतमिषाद्‌ दधान 
प्रेयः परं eT कः aed are win 
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Yadava raja-ship. Indra’s wife was Dwijamba, granddaughter 
of his grandparents’ brother Arjuna.4 0 sot 
Far from insignificant were the later dukes of Chedi,’ as is 
patent from their matrimonial alliances: and yet—such is the 
caprice of fortune—the extent of their eccupancy can now be 
estimated only by the opinion of their power; and the determi- 
nation of its locality has not been effected without some little 
research. In the most recent of their Inscriptions is the last 
word of them that oblivion has not usurped. Their neighbors, 
the kings of Gadhimandala, may have wrought their extinction; 
for, as 1 appears, their ae ` passed in part to those chief- 
tains, while the eastern shire of it was ultunately possessed by 


the 4 दु of Rewa. ध 
ably ater Bhoja of Cohen 1 Tee م‎ on a 
corent founds, to the middle of the eleventh century. Of 
his grandsons, one, Lakshmidhara, was living in A. D. 1104: 
and another, Naravarman, died in 11382 Udayarlity mp con 
76618 the two मङ्ख may, then, have (006; about 
1075. Alhapa ide ho is named, in the elder of my two in 
scriptions, as if she were still surviving at the time of its exe- 
cution, was a gran anddaughter,* as we have seen, of Udayaditya. 





She may thus have been born about 1100. According to the 
; a of this paper, and other 2 apc one of “her sons, Nara- 


was re igning itt in a 907; another, Jayasinha, in ee 
and her greatgrandson (६ was aminorin 9838." THe 
birth may, therefore, have taken place Ae early as 850, which 
carries back Udayiditya perhaps to 790. ‘These lesser auumbers 
pecly do not “eg either ५ era of 1, or Ai 
bhi, as ordinarily < from A.D. 310: a position 
which, in passing, sing, 1 believe to be contestable. 106 specifications 
attached to the dates 907 and 928 are, however, so full, that any 
one who chooses to undertake a somewhat tedious calculation 
is provided with data from which the first year of this, or of 
some other unaccustomed epoch, may be ا‎ ` determined. 
Of the two inscriptions now edited, the second, a rude speci- 
men of engraving, I copied with its stone before me. As for the 
first, 1 have made nse of a couple of fac-simile tracings from it: 
but they were prepared by a native, a Muhammadan, who was 
unable to = a letter - the original, and who, consequently, 
is not to be suspected of conscious attempts at amendment. 
The style and conformation of its characters resemble, as ey. 
as poate those observed .on the sd gk gar rplate of Gisala Dev 
At the end of the sixth, sixtcenth, and thirty-first stanzas are 
elaborate flourishes. Once they were, it may न some signifi- 
eance, now forgotten: here they simply mark the conclusions 
paragraphs. 
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as they have been ascertained, shall here be exhibited. The 
0 genealogical table shows the family that reigned in لمعامون‎ ` 
2: 


Lakshmana Devat or Yurarija Deval 
Kokalla Deva. 
Géngeya Devn. 
Karna Deva He married A’valia Devi, a Hina! 
Yas‘ahkarna Deva! 
Gayakarna Deva.) He married Alhana Devi.« 
Narasinha Deva! | 
11. 1111 क... 1 1.1.15 
Vijayasinba, He married (65319 Devi. 
Ajayasinba Deva,™ heir apparent. 
3 Albana Devi's ancestry, a8 deduced from my larger inserip- 
on, was a8 follows: 


HAansapala, a Gobhila. 
ا‎ 11 cd ملمسفرة‎ Devi, d 
ayasinha® He married Yyam vi, daughter of Udaydditya 
of Malava; and these were the parents of Alhana Devi. १५५ 


The second person mentioned in my larger inscription has a 
very unusual mme. That his kingdom was that of Chedi is 
beyond doubt. I am not prepared to pronounce him identical 
with the Kokalla who is expressly said to have been lord of that 
country, and who was likewise a Haihaya; but as, on further 
enquiry, the two may turn out to be one, T shall enumerate such 
of the descendants of the latter as are known from inscriptions 
that have been found in the west: 


Sadroka. S/ankaragana Mahddevi. Arjuna. 
or Seto ei His son was 
Mahilakshmi | اعسوم‎ (1) Deva, 
or Lakshmi, and who had ॥ daugh- 
Govinddimbé, were ter Dowijdmba, 
his daughters, 


‘This Kokalla thus had, at least, three sons and one daughter, 
S‘adruka, after a single glimpse, is seen no more. ध 
is termed lord of Chedi: but it is questionable whether the title 
was ever 8; than a compliment of hopeful expectation. Ma- 
hadevi married a royalet named Krishna. Who he was we are 
still to learn. oe ei Jagadrudra or Jogattungs, as to whose 
nationali ५ < क ttle 1105 धन) married his two cousins 
aig sigue ikshmi and Govindiémba. This spirited polygamist 

1 however, already wedded a daughter of Akilavarsha; but 
he had by her, it should seem, no issue. Indra, his son by 
Lakshmi, waa nevertheless allowed—so elastic is Hindu cour 
tesy—to be a grandson of Akalavarsha, and was his heir to the 


~ 


ARTICLE IV. 


TWO SANSKRIT INSCRIPTIONS 
THE ORIGINAL TEXTS, 


WITH TRANSLATIONS AND COMMENTS. 


Br FITZ-EDWAED HALL, Esq., अ. A. 
= 


THE stones containing the inscriptions now pablenen were 
procured, the first at Bhera Ghat* on the Nerbudda, and the 
other at the village of Tewar,.® Both these places I visited, in 
1857, while on the ey march from Jubulpoor to Nursinghpoor. 
The larger stone had been brought, as serviceable ,building- 
material, to the side of a temple which was in course of erection. 
When rescued, it was on sty oint of Sk सु face down- 
ward, in one of the walls. Had its threatened fate been realized, 
quite possibly it would not have been spoken of in print for sev- 
eral centuries. 

More than one historical fact deserving of record has been dis- 
covered from these monuments. The queen of Gayakarna Deva, 
Alhana Devi, was daughter of a Rana of Udeypoor, and ५ 
daughter, through her mother, of 0 a,° king of Malwa, 
The paternal grea 7 andfather of this Nady , Hansapala, is, further, 
4 representative of the roy al house of Mewar, now first brought 
to light. ^ near approximation to the dates.ofthree of her pro- 
genitors being practicable, a basis is afforded by which a portion 
of the current chronology, for the medisval period, of preimi- 
nently the foremost family of Rajpoots may be readjusted to 
advantage. 

The names of the modern rulers of Chedi," beginning with 
the earliest, and the names of their consorts and kinsmen, so far 


to in Hindu in du satronomical traditions, i. 
6n, 474. 


11 Va 









Vishpudharmottara:Furkan, 


citations from and lunar, sidereal, and. solar, 


18 8; year of the gods, + 14 in 
use in India, L 130; of 
wolar and juni-solar calendar, for year 
1659-60, 1.51 9: length of sidereal eolar 
year, ace. to different authorities, 165 


years of eras of (Alivihana and Vikra- 
 milditya, character 


7 and names of, لله‎ 
n.12; years of Jupiter's cycle, names 
of, . 65 0; years १ nomes of, 
ellaya, commentator on Sdrya-Siddhin- 







Purana, 
ences to, 1 On, 15 يم‎ 17n, 190, 21 
23.0, i. 89, xi. 280, 4 0. 
Vorbis it conan favs = 
ort or propelling currenta, of ४ 
4 

1th yoga, li, 65 عط‎ 
Weigh ५11 
مقا‎ ta, ack ॥. 1. 
(क بوره الا‎ 66 m2 2 


sun ond]! xiv. 11 بم‎ 


of, 1}. 650, add. 9. 19 





moon, xi. 2, 
Vyaya, S4th year of Jupiter's cycle, 


Warrens Kila 
and citations froin, lotrod. n,., L 13 إإبم‎ Yojana, measure of its soldivision 
2949, 48. 55 بم‎ 82 0, 218, प, 89, 170) and ralue, i, 600, n. 18. 
aid. ०. 12, 19 Yuvan, 42rd year of Jupiter's cyclo, 
Weber, references to and extracts from) 55 0. 
hia works and essays, 1- 83 به ¢ بم‎ ii. 8 n 


44 6 0, add. ॥. 1, 3 EE ष. 1 7, 


Zenith-distance—on the meridian, iii, 14- 


15; elsewhere, iii $3; sun's zenith-dis- 
tance op circles of intermediate direc- 
tion, bow found, 11. 28-84; to find the 
same elsewhere, 111. 4-36; bow found 
from shadow, 1. 14-15, 37 : instrument 


iii. 15 5: signa of, 566 . 


Zane of ihe earth, xii. 60-0 
az-Zubindin, 16th maneil, $26, 
az-4obrah, Lith mansil, 884 






Week—not an original or ancient Hindo 
institution, ॥ 53 يه‎ xii, Ton; w 
brought to India, i, 520; names of 
days, i. 62 त; how determined, L 
when they begin, 1. 


Wilson—his catalogue of Mackenzie Col- 


lection referred to, add. عه‎ 1, 2 श ١ 


Vishoo-Purina, see Vishnu-Porina, 


ए, 10th sien, 324. 
as bem of 2nd asteriem, 325. 
¥ city, xii, 38, 





: 0 


1011111101 407 
94-25; his part in the creation, xii. 15-/Uttara- 2१४१ asteriam—iden- 
211 divinity of 19th asterism, 54. || tification ete. 22 "0. 
Surd, (Uttara-Phalgant, 12th asterism—identi6- 
revealed | cation ete., 533, 

















conclusion, £ 37, 107,470‘) Vaidheta, or Viidhrti, name of a hostile 
1 of of sun and moon, xi, 2, 4. 
ia, intred. به‎ add. m. 1, 470; its 2857م‎ 27th yoga, 11. 65 n. 
tem co compares with those of other trea-|Vaira—ioth yoga i. 65 9; name of 8 
tices, add. n. 6; present extent, xiv. 27 0; add. च. 19 
division inte وا‎ | name of current on, 1. 23 n. 
commentaren ال‎ astronomical and astro- 


Varila-mihira, 
॥ logiral authority, 1 8 ب‎ viL 255, 362, 
| ak 18 n, xiv. 8 9, add ए. 1. 
Variha-Siddhinta, add. nm 1 


Synodical revolutions of the planets, 212. १५ as, 18th कच्छ, fi. 66 ०. 
| ral eenaon, xiv. 107, 16m, 
ee ee true places of planets, Varana, ४ ty of 20th कदल, 4 
where given, 218, प्र spring, xiv. 109, 16 5 
Taitila, ण ii. 69, || Vasishtha or Vasishtha Siddbiinta, add. 
mana, mmes and divinities of the aste-|) Vasudeva, xii. 12 
risms according to, 526 ete. Vasus, divinities of 24th asterism, 340. 
Tammaya, commentator on || Vateura, Sth 1 अत, 119, 
add, Vedas, xii. 1 
Tirana, Stnd year of Jupiter's cycle, 1 Vedingas, 1. 3 n. 
Tarf, 9th mansil, 332, See hse ak cbneninr WEE ones 
Tattva-Viveka, add. n. 1. planeta, vii, 22. 
ma fai उत काचन, S20. | sine—name, 201: how found, iL. 
Ti, 14th =; series of for the quadrant, ii 23-37. 


॥ 
unreal, با‎ 10; different) Vertical circle, 287 
modes of measuring and reckoning, xiv ;| Vertical parallax, resolution of, 7 
civil time and ite wees, xiv. 15-19; lo- | Vibhava, 36th year of Jupiter's cycle, i 
nar time, १. 18 9, xiv. 12-14; ॥ 585 
time, xiv. 15; solar time, xiv. 3, 10; || Vigdkha, 16th asterism—identification 
Praja arn! Brahma, 


eas fad sie भ । 985 
ध. म f reckoning धह | Vicriiu, name of stars in sting of उत 
محم سما ل تسد‎ ima xl, 16, 19-|Vigvdvagu, 18th 
ननः 2 كسان‎ ५ ५ 
tion of shadow se pny S7-80—) Vijaya, 156 year of Jupiter's cycle, | 











Month, 
times of. Vikirin, Tth year of Jupiter's cyclo, 1 
5 
Tean, 4th भ, 130 
Tee, trd भल, 80 ॥ 
क ए 
| divinity of 14th asterism, 354 Vikyta, 58th year of Jupiter's cycle, 1. 
Tycho Brabe's determination ॥ 55 5 
diameter of planeta, vii, 14 9. Vilamba, 8th year of Jupiter's cycle, i 


of time, i. 11. 


Virodhakrt, 19th yenr of Jupiter's eyele, 





Utpata, name of > yoga, add. 0. 19 Vishkambha, Ist yoga. ee 
10 يوبا مس‎ 1215 asteriem of @ird asteriam, 240 
cation ete, 336. character, xiv. 109. 


49 E. Burgess, ete., 


Sa'd se-Su'dd, 24th चन्या, 541. 9 ‘Ba add. m 1: meth- 
ليست لس‎ ^ Jupiters ele, ah is a दु scien’ 
Bi 18 7: 8 
68 7. +~ 1147-3 तक कः B. 1 cited by 
Sad 2nd 1. 000. Siddhinta-Sarra a, vill 15 
व sacle tienes oe 8 (Siddlarthin eTth year of Jupiter's cycle, 
sear of ern of Vikramadit 9१.7.12. | 1, 66 به‎ 


हाप कज नृ त pronun iddhi—14th yoga, 11. Gin; name of ه‎ 
ciation of, Introd. n. ra, علب‎ 
ps ةج سي‎ arose os व ee 1 time, day year—see Time, Day, 
Saryadhirin, 56 a cycla,! nr 
155 ~ 46 28-fold 0 i 
Sarvajit, sith { Jupiter’ Mid nee, 325; तती [च्छते ww प्र 
कुं 3 ا‎ ilutrating po ا‎ 
` Batorp, names, revolutions, etc, اعمس عاه‎ 355-544 
الس اي‎ Planeta writ system, 


iL 65 9 nec, to Biot, 845+ 
5 1 twelfth Se atten Serie pened 

oned from any given starting 

S55, 582 table of names bala, 


3 Simik, 14th कनन) 295, 

‘ing (Sin, 1611 stew, S37 

in—nane, 201, add. 5 16; sericea of 
। sines, in minutes, ii. 17-22; comparative 





divinities of $th asteriam, 282. || of, 197; table of sines for every 

Seren Saves, stare ما‎ Uraa Major, xiii. 9;| degree, with differences, 429; rule for 
independent revolution, vill. 21 त. sid حزن‎ ١ the series, 11. 15-167 how 

eolur अष. 8-6, || derived, 198-9, add. 2. 15; its falsity 


Shadow of earth—diameter on moon's| add. 7, 15; Hindo use of sines earlior 
orbit, iv. 4-5. no account taken of عن‎ than Arab, 200; Arab sines from Greek 
numbra, iv. 5 مه‎ chords, 2005 whether Hindo sines like- 

Shadow of pnomon—names, 111. 5 8: base,| wheel add. م‎ 15 Hindu series how 
or north and south projection of, li. 28-\| obtained, 199, ndd. n. 15, 

25; path of its extremity, iii 41-42: pert of ao arc determining the sine, il. 
equinoctial shadow, iil, 7, 12-15 نوعو‎ + to find the sine of a given arc, 
shadow, how calculated, tii. 20-22; oth-| or are of a given sine, ti. 31-33, 

iii, 28-34, 84-86; shadow /||Sing, Sth siew, $38." 
= planet عن‎ etar, عا‎ deter-/Solar time, day, month, year, etc.—see 


laid down, 312, 318. Time, Day, Month, 
aeh-Sharatin, 141 manzi/, 7 |\Solstica, name of 249, xii, 72 5 
asb-Bhawlah, 19th ,تدده‎ 5१9. Siddbdinta, add 0. 1, 6. 
Siddha, 2iet yoga, 11. 65 n. mavirs, Monday, i. 62m. 
Sphere, 287. ١ 
ह 1 ili, bn. 
gat an: planctary add. 9.4 name of a yoga, add. .ف‎ 19. 


८155; fs Gist of Jupiter's 7 
se mM ~ length of (अपहता, yeur opi eyela, 


year 
planets, 168 قوفل‎ of वार्ति ukarman, Tih कृण, 1. 65 n, 

LH 1١ اسم‎ wist णठ سيت‎ days—names, |. 51 5 how found, 
esce of earth, 60n; prime meridian,| 1 45-5 
i 62m; precession, 245; statement re revolutions, ete, ete, see 
नद) 0 ا لع‎ panies 

es of ne अ 9 | 

and altitnde of ecliptic, ¥. 7 نم‎ नि distance, 
or Saal علط‎ tion of asteriema, 826-944; 
of stars, vill 12n; Beography | 
pa poe ere, xi 44 n 
| 





asteriams, xii 909; | 

ऋ. Sn; descriptions of instramer 
mil $1-n, 220; solar doy, xiv. 30; ep 
cycles, add. 





र के 





Polar longitude and batho: terms ; ting of planets, ix. 99; positions of 
ai jpn Lage work, ४३. 1 n, _ sides and nodes of planets, add. nm 11 
le—of earth, xi 34-35; of श्ना poke pe بلاق بو قل معدن‎ egy ase adil. 
267; of prime vertical, 253, identical with 

Polestars, xii. 43. nus! 1. 6 9, add, به‎ 1 2) 

لو ^^ 

। : ५ ॥ ॥ | cle, 8 
Pirva-asluidhd, 20th asterism—identifica- 







patieoth year ob Jupiter's ماعو‎ i. | tification ete, 1 
88 ॥ : divinity of 4th asterism, 529, vill.) Pirva-Phalguni, 11th 
139: the patriarchate > day of, xiv,|| cation ete,, 333, 

* 21: namo of astar (4 Aurigm), vill 20 :| Pishan, divinity of 24th asterism, 343. 
name of a yoga, add. 0. 19 Pushya, 8th asterism—ideo' ० ete, 
Pramidio, 21st year of Jupiter's तय, || 5 





Pramoda, 88th year of Jupiter's cycle, i}|/Radius—names, ii. 60m; value in min- 
oles, i. 25, 
Pravardha, name ofa yoga,add.n,19. | Rabu, 1.6; came of eclipses, ii. 8 n, iv. 
. Precession of the equinoxes, اذا‎ 9-1211 6 
name, 249; statement of, ii, 9; form) Rikshasa—23rd year of Jupiter's eyele 
of theory, a libration, ii. 13 زه‎ possible) 1, 550; name of a yoga, add 2. 19 
reason ८१ pies ' view refuted, 2nd year of Jupiter's cycle, 

















du system, 247 add 8. 20 tion and) Ra 
history in this treatise, 246 ete, odd nm) tame, 
20 ; مامه‎ for calculating, ii, 9-10; for| Riudra, 26th year of Jupiter's cyele, i. 
olwervation, fi. 11-19 ا‎ feb वु 
99 precession, 24 viira, Sunday, th. 
Prime meridinn, i. 62. Regents of years, months, days, and hours, 


Prime vertical, iii, 6; its pole, 243; to find | 1٠ S1-69, xii, 18-70 + 
w, when sun ها‎ on 126, Respitation, measure of time, i. 11. 

: 25-97, Retrogradation of the planete—name, Ii. 
Priti, 2nd yora, 9. 65 13-18; explanation, and definition of 
Progresses of the from solstice to) limits, 0. 51-55 

solstice, xiv, 9. Revatl, 28th asterism—identification ote, 
Projection of an eclipae, vi; name, vi. 1,85) 548 ; ite last quarter unlocky, xi. 21, 


scale of, iv, 26 eal illuetratiog pro-| Revolution of a planet, i, 25-27; nombers 
jection o (अ), e, 901. 1 _ of revolutions in an Age, 1. 20-34, 
Pio traces of ولط‎ name in||Right ascension, equiyalents of the differ- 
न i Gn; his times |أآه‎ ont signs of the ecliptic in, iii, 42-44. 
sidereal revolotion of the planets, 145,/ar-Rishd, 28th काव्या, 343, 
> res त of planetary or-Rohigi, 4th eee eee no 
On; o i2in: 0 ०॥|| 329; astrological معن زوع يخي روت‎ 2 
chords, 200 sateen OF Ma chords ti liston of the planeta with, viii. 19. 
Hindu eines, add. 7. 15 : mode of اله‎ Kohli ध्‌ رتسوف اوور‎ prime merid- 
culating nt 8 
m planeta, together tomaks, name of Rome, 1. 6 n, xii, 39. 
म سر مكح‎ SLY his improve-)| Romaka-Siddhinta, add 7. 1, i. 6m 
of Greek astronomy, not found in 5 Sist year of Jupiter's cy- 
6, ४ 65 n, 


‘Hinds system, 219,474: relative di 
mensions Rudra, divinity of éth asterism, £30. 


न د‎ Deore? | 
26, precesaton, [For words often with Sh, 3", ॐ, or 
lax, and dimensions of sun and moon) §, see rv letter ©.) 
271; direction of ecliptic صا‎ eclipses ३० adb- 22nd لتعسسم‎ 240. 
: astrology, vil 28 ०; 1811923] set-)Sa'd ol-Akhbiyah, 2ith manail, 241, 


| = cosine, 11. 307), add. 
11th or 12th month, i 51, 
1115 and 12th asteriseme—iden- 


—names, iv, 1687, 17 त 


18 
sine of amplitude of orient||Pi, tnd slew, 898 ; 25th view, 345. 
||Fingala, 26th year of Jupiter's cycle, 1. 


L ١ pein (११1५ ^ 
ment of motion, i. 27, 162; time of com- 
mencement, £24,161, 162, L44n; sid- 
ereal revolations in an Age, 1 20-32; 
tables of periods of sidereal revolotion 
161, 164, 169, add. n. 5, 7; mean daily 
motions, 1. 20, xii 82; tables of نفك‎ 1. 
24 च, add. च. 5,7; mean positions, end 
of Inst Golden Age, iL 57 ba cara 
of Iron Age, ॥ 658 त, addin. 6; act 
ks position of Iron Age, 16%: 
to find monn Jongitude for any given 
time, i 63-087: mean | und 
for Jan, 1, 1860, and errora, ॥ 818: 
comes of irregular motion, 9. 1-11 
kinds of motion, iL 12-19; how to eal- 
culate troe longitudes, ii, 20-45; di- 
mensions of epleyeles, iL 34-58; 
tion of cettre, iL 19; annual equation, 
i, 40-42 calonlation of troe rates of 
motion, i. 47-61: of declination, i, 28; 
data for न latitude, i, 68-70 ~ mode 
1. §6-67 ; combination of 


tive table of true longitudes, rd 
ध anc! oer orate for Jan. 1, 
186}, 231; च = pogo tera, 1४. In, 
vil, 18-14 : how determined, iv, 
ln, xii, 90 5: absolute dimensions, xii, 
60 -94¶ م‎ dimensions, deduced 
from epicyeles, 220; distances from 
earth, xii. 64; r in re to clis- 
tance, xi. 31; order in which referred 
to in this work, L 52 eynodical revo- 
lotions, fi. 42 comjrnct of 
with each other, vi; with ssterisma 
wih 14-15: heliacal sett 
ix 1-11: regency aver’ das 
ete, L 61-52 


18-79: day of mont plas 
etn 49 


Plara, Yih year of Jupiter's cycle, i. 
| 8 


spendin xiv, Se, 16 83 


emergence, separa 





































ecliptio-point, v. ४ 


Pada, quarter of a ¢loka, introd. به‎ 
ma, name of a porn, add. به‎ 9 
ame of last Zon,-i, 25 م‎ 
Pafien-Siddhintiki, 1 8 بس‎ वव. 8.1 
مدا روسل‎ 1415 gear of Jupiter's लार, 


Parallax—general exposition of Hindu 
view of, v.10; horizontal parallax of: 
moon and sim, 1, 15+ the same غضم‎ 
to Ptolamy, fy. 10: vertical م‎ | 


and its resolution, कर. 15 : in! 
longitode, mame of, 238; mode of cal 
culating, in time, क. 3-8 ax in} 


latitude, mame of, 288 mole et calew 
coca 1 10-12: method of applying 

| in determining of eclipse, 
४, 9, 18-17, 465; general criticism of; 
methods of calculation, 209: parallax 
neglected, vii, 230. _ 


BG 

Parighn, 19th yoga, ii, 65 
3 Sod year of lustrum, xiv. 
ti. 


ध, 
Sard year of Jupiter's رماع‎ i. 


89 त, 
Path of extremity of भताव, how drawn 
on the cial, tik 41-49, 
gt a body, bow deawn in pp: 
1] pees, VL 14-16 


diameter how calculated, 


89 
,جز‎ 2-३ ; conciser method,45¢: moon's 


स اليحياعة‎ and rising, عد‎ 1; time of 
rising and ,ع‎ how caledlated, x. 2—- 
5 ration of cuspa,x. 6-5; to déter- 
mine ilominated part of disk, x 9; to 
delinente illuminated and alavation 
af ॐ 10-15: moon the divinity of 
Sth asteriam, 329; relation to 

of asterisms, 351, add, 7.25; eq ale of 
declination with sun unpropitious, 
ete. ; stntion of the Fathers, xii. 


Motions of plancts—see Daily motions, 


Sth asterism— identification 
81८. 220, add. 


I treavyidha, nome of star (Sirius), viii. 


3 0-11 १ = 
hte name of a yorn, n. 19 
तु fw otek Adin 1 


Muhirta-Cintiman, respecting عقة‎ 
लागा, 525 ote. 


Mubhtiria-MAM, cited respecting Abhijit, 
Mila, 19th astoriem—icentificention ete 227. 





says ५ ara, author of Siddbdints-Sirva- 
ohm, nda, 1 
Musala, name ofa yoga, add. n. 19, 
ا‎ ai day, i, 11. 
4 بلا‎ karana, त. 67, 69 8 >> 
m, 


60th year of Jupiter's بقاعتو‎ i. 
89 ب‎ 
17214, Nirads-Siddhiiota, add. m 1 
Niradi-Sanhiti, add, no. 1. 
Nathrah, 8th maneif, 331 
New moon, day of ५, G6 n, 
nist wu, G40 1 
t, eters in 397. 
ode of ap ose ॥, 34 8, 
mi. 67; फणा secending node spoken of, 
L in adios of ascending and مول‎ 
tiling nodes, i, 8 7, 300; mode af 
ancy لجرل‎ Samy 002ل‎ revalo- 
om, L 42-44; how devised, i. d4n; po- 
sitions, acc. to different authorities, ६ 
440; compared with Ptolemy's, add. عه‎ 


+ 84 In 


20th 


itha||Nreinha, commentator on Stirya-SiddhAn- 


ta, १०. ¶. 


Nil, 21 afew, 340 


bers, bow expreased in the text, in- 


ascension, equivalents in, of signs 
of eclipti¢, نذا‎ 44-46; table of equiva- 
lent as calculated fur Washington, 
265; for Williams’ College, 457: de- 


grees of oblique a 





Mars ५८५५६ 


1 (9.1 


inge Oblique 





ba 0 di سوس‎ al يفا يع‎ 
Miitra, name of 0 yoga add. त, 19. 
una, ९ 








Minasa, مسجم‎ ofa तृणु, पप, 0. 19. 
01 पाप يموع‎ Arab [ताना man- 


Mangala: Toweday, 1. 62 प्र, 
روه عسوت‎ your of Jupiter's cycle, i 


and references, 1. 13 ए 

17 च, 19 7, 23 7, mL 28 بم‎ zr. 14 त, 
Mao, Ist view, 3२9 

: or 91 month, 1 


xiv. Sn, 15 


Mars, names, revolutions, cfc, etc.— ع‎ 
Planets. 
Mitanga, name of a foga, add. 7. 19, 


Ma of revelation of 2 
814५4 £2 4,6 9,7, च 1, 10, xiv. 


24-27; conjectored identity of his 
with that of Ptolemy, i. 6 9. ए 
Longitude. 


citations = 


Mean fnnets+—ee 
Mensure of pmplitode, iii, 7. 
revolutions, 


Meridian ccliptic-point, iii, 49, ¥. 4-1, प्र प, 

Meridian, prime—situation of, L 62; why 
chosen, . 62 8 

: 6, 

Meru the earth, xii, 4-85; in 


Lay ayaa 

Mitra, divinity of 17th asterism, 436, 

Month—civil, i. lonar, i. 18; nombe 
inan Age, i 25; names of those 


pocing the 4 bow 
| 8 183: divisions of lonn 
month, i 819: 


१8 i bow eal.) 
cali, 1.49. Tapes, ont 8 doy 
Fathers, xii. 74, xiv. 14 3 

+ 12: solar month, 1 1231 number io on 


Age, i 39; names, i 61 9, xiv. 16 0; 
of the several solar mc 


| 


division into seasona, xiv. 16‏ ;9 3 ,كنع 
Moon—names, ete, ete, eee‏ 


[| | (|| श 
lutions infan A mean claily mo- 
tions of, 161, 164, adil بق به‎ 7+ in side- 
rial day, 435; positions at 
Tron Ave, 162, odd. 7. 0 ; orbits, xu. 87- 
88: moon's dimensinna, it, 1 : mean ap- 

pes diameter, distance, and horigon-|| 
parallax, iv. In; orbit, iv. 15, क. 
0 


FOr. Vi 
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Inclination—of orbits to Krodhana, 83rd year of Jupiter's cycle, i. 
L 68-70: comparative table of L 50 2ه‎ 667. = 
of ecliptic ما‎ equator, ii, 28. ||Krodhin, 12th year of Jupiter's cycle, i. 
Indra—26th yogn, li, O5n: divinity أله‎ 85 
15th asterism, 847; of others, 41; with'|Kritika, 3rd asterism—identification etc, 
Agni, of lath, $25, | formerly first of the series, i. २1 0, 
Inequalities of planetary motions—how) 350 
produced, iL 1-8; why of different de-}/Kshaya, 5410 year of Jopiter's cycle, i, 


शार, 11. 0-11 - (प A 
Instrumente—armillary ephere, xii. 1- ال0؟‎ huey, oth view, 331, 
vii, 19 9; other instruments for meas-||Kuru, a clime, xii 


uring time, अ, 20-24; for taking alti-/Kurukehetra, region in India, i 6 n. 
tube, xi, @1in; for taking सला चान 


tince at meridian transit, vii, 12 2. |ततो, astronomical authority, i 3m. 
Tron L117 च: its commencement, 16 | 
Age be Teenie, क Os Tretia. | 
EAP eos Siddhinia, add. n. 1; cita- 
य) 1040 आत्मय, 538. ॥ 1 and references, 165, add. 7. 6, 
ambddvipa, central continent in Lambaka, name of a yoga, add. 9. 19, 
Lanka, 1 62 n, = 49. 
Jaya ind 3 i esa cyclo, i. 0 
ह| Latitude, celestial—name, 706, iv. 1; 
to, 1. 6 8, | measired, 1 70m, ज्र, ln: menn 


Jfina- Bh iekara, reference 
बि त, author of Siddbinta-Sunda 


add. १. 1 

Jones, Sir W., references to and citati 
from his works, $24, 225, xiv. 165, 5 
n. 1 
gg woh جد ويه‎ 


[ज latitude of planets, i, 65-70: 

litude of plancts how caleulated, fi. 

0 combined with declination, 
2 


Latitude terrestria!—name, i, 607: how 
ं . revolutions, ete, etc, eee!) necertained by obecrvation of shadow, 
lancte—Jupiter's crele of sixty years.) iii, 14-14, 14-16; circum. of earth on a 










LAS; of twelve years, xiv. | parallel of latitude, bow found, i. 60 
relation, xiv. 17 n, u, 27th नलम, 328, 

Jyaicbtha, or Srd month, i 51 च, ziv.|Li, Chinese measure of distance, i. 60 n, 
37, 18 त. त. 13, 


०००५. 
ite last quarter un ॐ, 21. boon of dn, 
Jyotisha, astronomical treatise, i ह n. xii, 16m. 

term how employed, 


ladanda, add. च. 19, || Yu. 120; Cee toned vil, 7-11 
= Longitude, of اوجح‎ 
KAlayukta, हवो year of Jupiter's cycle, =^ رسا ود‎ 








al-Kalb. 18th im iL 89. 54, 60-6), 67; true Jongitude 
वामी oe 0 | how found, ii. 3045: sun's true and 
add. 9. 1, | | mean longitude how determined from 
Kina, name of a add. 9. 19 | observation, iii 17-20 المج‎ ly 
Kang, 1 Longitude, polar—term how employed in 
Karina, a [पगा day, fi. 67-69 cee ke ل‎ ١ polar lonyitudes of 
च, Tth or 6th month, 1 619, iy.) ‘terms, certain fixed 
atare, rit, 10-11, 20-1 
Kiulava, 4th ete karana, ii, 69 त, pees beet terrestrial —name, i. 61 5 
Ketan, moon's descending node, ii, 8 ع‎ । measured, 1 62: how deter- 
न | mined, i, 63-65; measured in yojanaa, 
Khapda-Kataka, treati-e, or chapter of I. 
by 2 Lunar time, day, month—see Time, Day, 
specting asterisma, 325 etc, 152. 359. || Month. 
Khara, 60th year of Jupiter'scyele, i, 65 Lustrin of five years, Lk 68 8 
Ki, 18th stew, years, xiv. 279, 
Killaka, 1610 year of Jupiter's cycle, 1 65 
instughna, Ist karana, ii, Mackenzie collection—seo Wilenn. 
Kio, 12th aiew, 335 Magh!, 10th asteriam—identification ete., 
Koei, 26th view, 243. 182, add, 9. 26, | 





# 


क्ट astronomy, relation of, to Hinds, ` 


। = 


Stirya-Siddhdnta 491 


ग आ. 138; pole, 287 | xii, 34-42; of एष, सी, 


1 १8; their equatonal equiva- 
lenta, ii, 42-45: inclination, ii. 29: ori-jal-Ghafr, 15th manzil, 335. 


ent anal meridian points, iil 46-49 i: iii, 1, 58 
tral point, च, | 9: deflection from east) Goei, 2ani sien, 341 
and west direction ai a given point, iv. [आनी Laghara, add. ०.1; ite definition of 


tien of the asteriame, 326-242; of 
7 ~ 21 
trance wf the कहा into a sign, astrolog:) 
لهذ‎ character, xiv. 3, 11. | 71 
م ا‎ ti, #8 9: dimensions, for we ek words in Hinds technical longuage, 
the planets, ii, 24-27; change of च| 1,280, 520, 0. 20 5, ili 847, 474. 
mensions, i, 58 n, 219, add. 7, 18; ept Grishma, summer, xiv. 10 7, 16 5 
cycle of a nivalent to eccentric) : name of Rangnand- 
208 9 dimensions of se tha’s commentary the Sdrya-Sid- 
deduced from epicyeles of conjunction,) dhanta, introd. n, ह 
220; comparison of Greek ond पिक (0 بسلاحسه‎ (कारन, i. 62 7. 
wystems, 218; Greek origin of the meth- 


74, 
tian of the centre—how calculated, 
य; Ptolemy's method, for sun and 
moon, 211; for other planets, 217: how 
pplied, with annual equation, in 








471 ete سبع‎ Piolem 





















aes 


क्च Gth सचता, 530. 

Hall, F. E.—his edition of Sirya-Siddhin- 
in, intred. n, adil. 71 

ध 611 manzil, 0 


rehana, 1410 مقجيدع‎ ii, 55 0, 





ing प्रणत places of = iL 43-\Hasta, Lath asterism—identification ete. 
न table of value when 0 8 
greatest, | Sih [ Jupiter's cycle, 
Equation of the orby or anal equation—| 1. १ 
w found, ti, 40-42: 4 "| Hemanta, winter, xiv, 10 7, 16 0. 
od, 217: how applied, with equation of ए. 17 ०; eastern and 
دسا‎ centre, ii, 418-45, ग western, side ally heavens, .؟‎ 15 n; northern 
tion of time, and southern, of earth, xii, 45,48, 
व y, it. 49 ०. 497. \Helineal rettings and risings—o سس‎ 
पपन of ofa planet, ४. 47-61.) ,عن‎ 1-117 distance from sun of 
Equator, celestial, iii. ५ ealeulation of time, ix. 
Equator, terrestrinl, 10-11, 16 12-7 
ial shadow, ii, 7, 19-8 प with ‘taver a و اع ل‎ 
from latitude, 9. 17, 18: of moon, x. 1. 
Equinox, 9.6 0: precession of—eee Pre-) Hindu astronomy, discussion of its origin, 
; age, and relation to the Greek, 
Eras in practical usc among Hindus, ब्त, || ووم‎ 
क. 12 sai. Ait, 22nd sien, 841. 
0 orbit of, ऋः. Hoisington, H. R.—his Oriental Astrono- 
ॐ, 81, 90. न mer cited, introd. ०, iL 18 9, 218 
Evection, not noticed by Hindus, 211. || forizon, ili, 49 يم‎ ५ re 
। Hour—name, 1. $2n; suecession of regents 
nigh Soi of, xi. i 
ghalMukdim, 2611 क्ष्य, 345. || Hour-angle, distance in time from meridi- 
اعورم"‎ al-Mukhir, 27th monsil, 243. an, iii, $4-36; corrected hour-angle, 264 
Fathers, or Manes—divinities of 10th إأععم‎  eun's hour angle how determined from 
teriem, $52; their station and day, xii.) observation, 7. 37-29, 


74, xiv. 14 حصي أ‎ ("क 11 iv. 21n: hypoth. of 
Fixed stare—names and defined positic woof gnomon, iii, 8; constant re- 
of certain, viii, 10-12, 20-21; theiriden-) lation to measure of amplitude, iii, 7 مط‎ 


on, till, 12n, २1 त. 
[दिता 45th year of Jupiter's तर, iL 





Full moon, day of il, 66x. 


pay. add, 5 19 [davutsara, Sd year of lostrom, xiv, 17 n. 
Ganda, 191 ॥ 1 | deler—identifications of Arnb mandazil, 
Canoes, Lighava, add.) 526 ete. 5 
a. Tdvaisara, 4th or Sth year of lustrum, 
Gara, 6th ete. karana, 1, 69 6, uv, 1 त त, 
Garga, Garga-Siddluinta, add, به‎ 1, [पि 17th पनन 336, 


fukin— 511 year of Jupiter's दर i 


of a circle, i, 28. 

त (क, references to ond eltations from 
his works, introd, يم‎ 199, 200, 249, vil, 
 1#+7. add. n 15,1 

tar, 44th year of Jupiter's بقلي‎ i 










Cycle—of five years, | 530; names of ite/Dhpti, Sth ii, 68 9. 
xiv, 17; छ sixty years of Jopi-pObriva, 18th yo ii, 66 त, 
ter, i. 65: of twelve years of Jupiter |) name of a yoga, add, 7. 19. 


/Dhvaja, nome of + yoga, add, 1. 19, 
ADhrinksha, mane of a Yous. odd. ॥. 19. 


(Dal, construction of iti, 1-7 
Diameter, relation of to circumference, i. 


$n; equivalent in minutes, in 


jecting an ecl ay iv, 28; तर‏ | | تال 
Daily motions of planets ete, i, 25-974 || ५‏ 


the moon's ل‎ 
Directions 

281. vil Oo 

Te 
Diurnal circle, radius of, how calculated 


ii. 60 
(0 900 year of Jupiter's दुर, 


in, iv. 117, x. 91 
ephere, how reckoned, 
curdinal directions, 


rm, ॥., Duration of an eclipse, name of, iv. 15 च; 


how determined, iv, 12-15, ¥. 13-17. 
porn sith year of Jupiter's eycle, i. 
fi, 
क dih year of Jupiter's cycle, i. 


Earth—form, position support, xii, 
22; apparcit fi xii, 64; ite revolu- 
tion taught by Aryabhatta, i, 27m; di- 

॥ 89; centre and surface, 
terma for, 786; poles, xii. 34-36; 
graphical divishens, xi 2640 jae 
xi, 60-69; cavities within it, xii, 33 
easurement by circles and arcs nut ap- 
plied to, ॥ G5n, 

diameter how calculated, 
Iv. 4=6, 

Earth-sine, ji, 61 

East aml west direction on the ephere, 251 

Enst anal west huur-cirele, كلا‎ 6, xiii 156. 

Enst-point, 28%, add, n, 22 

Eccentric circle, equivalent to Hindu epi- 


प of apsia, 
ative tuble ae ष 0 


x. 15, 1690-0 
5 


Brahma, أ‎ २१), | Earth's shadow 


80; 24th yoga, ii 


rio, 
«their elevation calculated, عد‎ 


lineated, x. 10-15 


xiv. 17: their relation, xiv, 17 n= vaste 
chrunulogical 


cycles, i 15-21. 


ual absolute amount on | 
905: tablowof mean daily motions, 
161, 164, adil, يه‎ 5,7; mean motions in 
sidereal day, 485: true daily motions 
how ealealated, it. 47-51; comparative 
table of, for Jun. 1, 1260, 231% 


७१16. १. 17, 449, १३4, 5 


Day—civil day, how reckoned, i. 6 | 


8; number of مد مذ‎ Age, {ज 37; varying 
hin diferent seasons, xii, 46-71: 
lunarlay, i, 13: nomber of in an A 
i 37: its portion, i, 64; current one huw 
determined, 11. 66: omitted lunar da | 
1 86 : number of in an Age, i, 38: haw! 
calculated fur a given period, لام :50 ا‎ 
ereal an 16; tte divisions, i 11 
12; nom of in an Age, iL 84 : 
xiv. 31; day of the goda, i 19-14, 
45, 47-51, 74, xiv. 20 day of the 
Fathers, xi, 770, xiv.14; day of Pra- 
jipati, xiv. 21; day 
KV. | 
"4 i, 4, iL 50; هذا‎ divisions, 


Day-mooasnre, fil, 85 त, । 
108१ "7 |1119. i 


Day sine, i, 80 7, 

Declination—name, 190: reckoned as in 
the ecliptic, 100, भा. In; how عله‎ 
lated, ii. 28; how combined with ict 





tude, 1. 59; comparative table of, fur Eclipses—nome, iv! én; moles, طعي‎ 


to solar and Jonar, iv 1.10 
lax, applying to solar, ¥; projections of 
eclipses, viz primitive theory of cause 
of eclipse, iv, On, 119: true theory, iv 

0: occirrence of annular عدن ذاعم‎ nak 
contemplated, ؟‎ 135: calculation of a 
lunar eclipse, add. 7, 24;of a solar 
eclipee sor Prt, projection of a [तः 
par 


how found by‏ :1860,.931 .| سوك 
eervaticon, 111. 17-18,‏ 

Declination, equal, of the sun and moon— 
time how and astrolovieal 


infloence, 
Deflection of ecliptic from on enst and 
भ क 
24= 
० is or gar : en 
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rae Friday, i. 62 0. 
ila, 91) yoga, iL 65 9. 
Cusps of the 


ail-Dabarin, 4th mansil, 8१9. 
tiles, 


essays in Asivtic Researches, int 
163, + 85 १, 198, 218, xiv, 15 9, 17 ابه‎ 





references to and cita هم‎ 
works, i 44१, 1. 679, 059, add, 9. 10, نلا اسسمسمنانامت)‎ year of Jupiter's cycle, i. 
17, 18, 27, 29, Sth yoga, i. 65.0. 
Brabma—duy of, 1 20; of hia life,/Co-latitude, terrestrial—name, i. 60.0; how 
1 21; مستا‎ of, xiv. 21: div of 22nd); found, iii, 13-14, 14-1T. 
دما ماهم‎ 394; scans of stor (i هاده‎ Colebrouke, intrad. تبه‎ his statement of 
vit, 310: 25th the systems of yogas, i, 65, add. 7, 10; 
वु) 0. l—see identification ete, of the asteriema, 224 


idhdnta and Khanda Kataka || ete; information as to astronomical lit-‏ و 
other references to‏ :1 .م nalriaya, name of star (Cupella),) erature, odd.‏ 
whi, 11-12 and citations from his works, i 277‏ 
Brahma-Sililhinta, add. 7. 1, 6 | 167,183,245 ete, viii. 1n, 10-13 9129.‏ 
Erabma-sphuta-Sid:lhdinta, add. 7, 1; ite) 197, 21, आ. §n,5n, xiv. 189 add,‏ 
शू tem, how different from Sdrya-Sid-)) 7. 2, 6, 10,‏ 
references to ite doe-||Color of moon when eclipsed, vi. 24.‏ :8 يم ta, add.‏ 
trines, 1 87, 40n, 60 9, 246, 326 ete.,||Commutation, mean—name, i. 290; how‏ 


श्र. 125, kl 7.1 ॥ reckoned, ii, २११. 

Brhaspati, divinity of 8th asterism, 331,/\Conjunction of a planet—term how om- 
Brlasapati-SiddhAnta, add. ठ. 1. edin this work, 160: mode of 95 
Budhavira, Wednesday, i. 620. tion on the planet, ii 1-5; revolutions 
al-Rula’, 2rd 29-32 te, xi. 35-86. 
al-Butain, Zod mansil, $28. Sonjunction and opposition of sun and 


Cabdakal of common name of, 18 دسم يخود‎ 

be padruma—its list of Siddbintas,|| apparent conjunction, names wf, v. 130. 
¢, 1. junction of planets with one another, 
Cditra, 12th or lst month, ६ 61n, xiv.3n,)| vu; aster, Vill 14-15; nama, 


189. ` general, vii. Ju particular, astrological, 
Ciikalyn-Sanhitd, add 9. 1: references to.) vil. 18-20, 22: canjunction viewed as 
$15,326 ete, 357, 361, $62, add. 8. 0|| taking secondary ها‎ prime 
vertical, vii, Gn: time 
Cakuni, 58th karaga, i 09 त, calculated, vil. 2-11; illustrative ob- 
Calendar, sketeh of a Hindu, for the year!) servations of conjunctions, vil, 15-18. 
1859-60, 1 617. | of disks, or disk and shadow, هأ‎ 
ग | eclipses, iv. 15 جم‎ time of firet and last 
ivira,Saturday,i San, = * | contact how determined, iv. 18, 
name of a youn, add, 1. 10, Cosine—pot distinctly recognised, 200, ii. 
Varad, autumn, xiv, 10 0, 101. | ing to, ॥ 30n, 


Cardinal directions, namesof,vL 1३. || add. 7, 16; part dulermining co 
Get al “steh eon ®, {, 55n]) sine, i, 30 











पनज, 25 “rigm—identifcatic Lc سيد وود ووو يدجي‎ ta محري‎ em 
४41. ~ 
न थन aida, 60th karnga, ii. 69.0. Cravana, 23rd asterism —identification ete, 
entra} ecli je-point, ए. 1 زه‎ sines of 3१0, add, m 26, 
altitude and genith-distance, * |Crivana, 4th عه‎ Gth month, i. 61n, xiv. 
Chang, 919 stew, 334. in, 14 
Chattra, name of a yoga, add. 2. 19 Gravishthd, 24th 
Cha, 24th seu, 243. ote,, 240 
Chin, 11th siew, 334, Creation, time spent by the Deity in, ६ 
Chinese astronomy and division of the) 24; هه‎ given bye other trentises, با‎ 440; 
henvens—see Siew. reason of thia wanoce, 162 


Chord of an arc, 201, xiii. 129, add. 9. 16)/Cridhara, ratio of diam. to circumf, accord- 
eyeles, £ 16-21; eras, add.) ing to, iL Gun, 
9, 12. (rimokha, 41st year of Jupiter's cycle, i, 
Sa = By bond ا ييه‎ 09 55 9. ध 
॥. 380; divisions Crishepa, author Romaka-Siddhinta, 
ratio of diam, to लप्र, i. Gn, 201 add. بق‎ 1, 
Citra, 14th asteraan—identificatiun etc, (कीन name of a -yogn, add. 1, 19. 


Citrabhina, 50th { Jupiter's cycle, ee = 
year o 3 

Gubbakrs, 10th year of Jupiter's cycle, i. 
Sie, شود با يعسي‎ 85 त, 


vil time, day—see Time, Day Cubist, 1 60n, 9. 5 5٠ 
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difference, how calculated, ii.) Atiganda, 6th yoga, ii, 65 च 





61-62 Auwa’, 10th monail, 334, . 
Aseensional equivralents—eee Right : Avanti, name of Ujjayini, i 62. 

sien and Oblique asceson, Ayin-Akbari—orbits of the planets, as 
Ashddhd, 20th ond २ [ ज॑ asterisma—idenii-/| given by, 898, note; deseription of عقا‎ 
fier ele, 995. Btrumert for meeusuring tine, xii. 23 0. 

a, Sed or 4th month, i 510, xiv.|Ayushmant, rd yoga, ii 65 ३. 

Zn, 160. 
Aspects, unfavorable, of sun and moon,/Babodhanya, 46th year of Jupiter's cycle, 

when of Uke declination, 


xi 
Asieriems— Hinds name for, 361: how to! Bailly—bia views of Hinda sastronom 

be translated, 261, adi 9 १३ - their اأخصم‎ introd, n, 472; mean post 
tions, or divisions of the ecliptic belung-|| planets at beg Of ie AE. 162: other 
iner to thern, ii, 64, $23, 251: their junc-| references to his works, 218, 443, 
tion-stars, 223; time and motive of اسه‎  اظللمكمب‎ Ord ete, ए, 
2) एवा, add, 7, 19 ; alum, ropa pete 1 

Hh oni will, 16-10; mote of} agi], knrana, nm. 
definition # un, أل‎ 1 ४; defined of a rightangled triangle, IL 20 بق‎ 





est vil, 2-0; ithistrative figure.) odd. n, 16. 

diseerdance of nuothorities, Rase-sine sine, # 200, add. n. 14, 
errors of position examined, and time of) Kase of the poomoo-shadyw, i, bn, 23- 
definition deduced mode of ob-|) 25 


servation of positions, vil, 120; detailed) Batn al- Hit, 28th कवक, $43. 

ह 1 and their) Bava, ete. karona, ii 69 च. 

jonction with stutement of वा|| Bentley, introd, note; his views of Hindu 
divinities, defined positions, mical literature, 1 @n, 168 

et, comparison with Arab wandzi)) method of determining the مجم‎ of a Sid 

alkowar an Chinese sew, 327-844.) dhdnta,) 4, applied tosirya-Siddhinta, 

0111101) (न of names, अपृ 7. | am! conclusion drawn, 165; लशा of 

2¢; inability of inter Hindus to point) bia method and resulta, 184 ete; pene 

them out, 326: al-Hirini's information mt phage har labors, 165, add. n 8 = 

respecte them, 325 ote, 553, 5 view 9 0 precession, 248: of 

conepectus of correspondences of the)! ssterisme, $38; other citations from and 

three systems, 344; stellar map illus) references to his works, 162, 143,172, 

triting their relotions, add. n, 27: Bi-| 218, 247, ०५. 9. 1, 4, 6,8, 470, 

views of their orgie and connec Bhadricra, name of a cline, xii 8,‏ وتاج 

tion, 345 ete; age of the system in كما‎ Bhidrapadé, 24th and 27th asterisms— 





dia, 247; discusion of its character|| identification ete, 341, add 
connections, and origin, 247 بعك‎ तान | Bhddrapada, 6th or 6th month, 1 51 n, xiv, 
an, 


fer of first rank from Krttikd to Acvind 
$50; relation to the moon, 452 et ch 


8; variation in number, aod omisajon 
of Abhijit, 353 | 





eonjunctina of planets with asterisma, = 

Till, 14, rida! ems of 0111111 ए: name of a clime containing In- 
` छतत, 356, 7. 19; beliscal settin dia, xii. 39, 

ix. + ent orbit and revoly Pui sk 
5 

Astrology ~ treated in वान | पीक, 420d of Jnpiteracvele, 1.88 च, 
शा = titles of astrological hoje Sidehita, add. 7 ४. 

works, vil 280; connection of Hindu Bhrgya (1 ours) 40th year of Jupi- 
with भि “सद्‌ rab, Vil. %ॐ त: astro 

logien ina of plan||Bhidiara, commentator on SGrya-Sid- 
eta, ४1. 18-29: of ei of Rohind पीता, odd, 0. 2. 





‘wain, vill, 13: of equality of declina- धिप लमत चटके of mean motions of plan- 
tion of sun and moon, xi; of sun's en) ets, 183 etc. i عو لا‎ table of mann mo- 
trance into ه‎ xiv. 11 | thon هذ‎ eo corrected, 164, add. ॥. 7, 


Astronomy —see Greek astronomy, Hindy||Piot—bis views of crigin and history of 


Chinese sirw, 326, 245 € ع‎ of Hindu 
Astronomical literature of Hindus, sum-|| terisms, 150 ete; of عت‎ of Abhijit, 


mary view of, add. ए, 1 393; 0f Hindu wines, add, 0. 15; other 
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GENERAL INDEX. 
The references are as in the preceding Index. 


Abhijit, 22nd asteriem—irlentification : Anuridhd, 17th ssteriam—identibcation 
$20; omission from the series, 853-41 ete, 336 
Abu-r- Raihiin, eee 8]. (1110111. Anuvateara, 4th year of lustrum, xiv, 17 7. 
¥th asterism—identification etc, Apimvaltea, name of stor (5 Virginie), vill 
322; ite last quarter unlucky, xi 21 
Agvina, 6th or 7th month—i 51 يه‎ xiv. 3 


Agvini, Ist asterism—identification ete. 










Apos, name of star (5 Virginia), viii, 21 
Aphelion, 15¥—ace A قاعم‎ 
Apogee, 150—see A قمع‎ 


327. Apparent longitude, vil. 12n; term how 
Aecving, divinities of Ist asterism, 327. | weed by Colebrouke, viii. | 8 
co divinity of 7th aetermm, 331. Apeie—term how employed in this work, 
dityn, 241 ete, xi 28 ॥ 159: apsides of the planeta, mode of 


artron, 11. 1-8 : revolutions, 1.4142: how 
deviewd, 1. 44n positions, acc. to ulif- 
ferent authorities, i, 440; compared 
with Ptolemy's, add. 7, 11, 


ou, i 19; day of Brahma, i. 20; names 
of Pe aun of ete: (Cans + : 

Agastya, name of star (Canopus), vill, 10, 

Age—Grvat A er Quadruple Age, bow 
composed, i, 15-17; Golden, Silver, Bra-)| For moun's npsis, sve M 
een, anil tron A क ze, Arab astrology, connection with प्रपर, 
proper period of this treatise, 160, i. 2३१, 

cs, haga of dd asterism, 426; with Arab use of sines, Inter than Hindu, 200, 

nara, १ of 1610 asterism, $05 ; Arab lunar mansions, $24; idewtified and 
name of star (3 Tauri), viii. 11. compared with Hindu and Chinese, 327- 

Albategnius, Arab iiventor of sines, 200 344; character am! origin of system, 
-Birini—visit to India, and ~ of S47 ete, chart illustrating, add, 
‘Hinde astronomy, L 37, 6; ilentifica-) 0, 27 
tien and description of the asteri Are—names of, and of its fonctions, add, 
825 etc, 162 | tof aro deterniining «ine, ii, 
[Fur other Arabic साला find arcofa given sine, fi, 5 
with the article, see the initial letter of Ardri, 6th asterism—ientification ete, 
the word following the =. । | 330, 54. 9. 26, 

Altitude, sine of—name, 255 1 sphere— construction, equip- 
how ealéulated, 0. 78-04, 24-36, 1-3821 ment, and revolotion of, xiii. 1-90: its 
instriment fortaking altitude, sii 21 امم‎ use, amd) comparison with those of uther 

Altitude in time, iii, 99५, iv. 26 nations, xiii, $n; ite adaptation دنا‎ ob- 

Amplitude, sun's ot borizon—sine of, iil) serving polar longitude ond lutitude, 
87> mesure of on the dial, iii, 7 wii, 12४ 
constant ratho to hypoth, of १ yablhatta—his period and writings, add. 
Tn; calculated, ii, 22-28, 27-28)) ०. 1; references to his doctrines, i, 275, 


















name of a add. n. 19. | Léon add. » 18—see Arva-Sichihdnta, 
i 24th year of J oe eyele, i 65n)) Laghy a Arydshtaguta, 
22nd year af t 


| Arya ta, commentator on the Sdryn- 
Siddhinta, add. n, 3 
Aryaman, divinity of 11th or 12th غامد‎ 


1 
विनिम treatise by Aryabhatta, add. 
FL 
Arya-Siddhiinta, add. 7, 1: citatinns of its 
teachings, 168, i, 447, add, n. 6 
Ascension—see Right ascension and Ob- 


Mane وس‎ santos त 
1 41111 ॥ ro upiterscrele. | 
Angle, a न छार in 


क of pan = 

Anomaly, mean—name, 9. 29; how reck- 
oned, iL 28 

Angoetil du Perron, notice of the 


asterisins ete, 224. 
Antipodes Hindu view of, xii, 51-53 


wenhitd, vii, 23 n, ११. ०. 1. 
sontramena, xit. 10 9. 
مالسل سوه‎ xiv, 2 


भत्वा, xi, 22 n, 

tannikifem अन्ताम्‌, i. 62 8. 

wptarshayas, xiii, 9 

sama, ti, 12, iv, 25 0 

someon ala, ti, 6, 

amamendafacantu, ti. 24 त. 

भाच, xiv. 7 0. 

éamdgane, vi 17, 20, 2. 
ॐ. 


अतीत्य क, vill. 18, add. च. 3. 
अक्त. ا‎ 13, xiv. 3. 
9109001, iv, 15 nm. 
अव, xiv, 6 त. 

athita, with, 19 
aparra, iv, 15 1. 


i 70 च, 
9०५१५. i. 
८०४ td 17 o. 
srotas, xii. T6, 
omdti, sedti, B25, 


क, 1 त्र 


fa, 8. 68. 








rit, 1. 84 0. 

erifa, ॥. 39 1, 

नि, xi 72m 
errenka, 1, 68 5. 
tralian, أ‎ 58 0, 

vega, ii. 11 5 
ted, xii. ST. 

eeddnga, 1 3 7, 

| (1.1 (4/8 edidirti, 8.1.) 


on A, ag natyodiitdra, = 1 بم‎ 
iti, 51 بم‎ 


pdiphrya, ii. 42, 43. 
iii, 26, iv, 21 त, 











Stirya-SiddhAnta. 
mentale, x. 180, xi. 180, xil 76, 119 Sn 
et ane ||} क्वण, هلله‎ 3, 
| بآ‎ १0१, x. 165. 1 शतक, i, 62. 
tadiyagraiaad, ए 13 0, > 7009, iL 8 7. 
11. / 1 
यी त, xi. 98 + कक قاين‎ mL 22. 
بساؤسوطاببه‎ ४. ककय, B44, 
वध yonerear, xiii, 14. rohini, 324, 
madhyamddiikdra, + 705. rdwdrarksha, ix. 14. 
त्विव कवय, i, 62 5 — : 
mah teat, iL 499, x |, 4 fogna, 111. 45, 49 n, 
لوت دج‎ yah च, 188. be. 5 
madhydima, x, 8 lagnant 7 
madhye, xiv. 14 0. lagedeands, (i, 47. 


(वततव rie, xiii. 14. 
lonkedaydaaras, 111. 49 च. 


Mane, 1 19 0. 
monds, بق 5 با‎ 12, add च. 8. 


mandatermoan, vii, 15 9. 1ك اندها‎ # 155 
mandatendra, i. 30 عه‎ lamba, † 80 11 
mandafara, ii, 12. कवन, i, 60, 
mandaperidhi, i. 34. lambane, ¥. 1 0. 
matdaphala, tL 44. ١ diptd, i, 28), 
manducea, L 341. liptikd, i. 28 n, 
tmonventors, i 19 त تسسا‎ त्क, viii, 12 0, 
مهام‎ |. 8, शा. 25, foka, ॐ 16 n. 
स 
بمجسل انيم‎ i. 17 ॥. । ना, ii. 14. 
maAdpentn, add, इ. 21. rakragati, 15. 
Midna, iv. 30, xiv. 2m wakrin, i. 84. 
mdndddhydya, xiv. 2m, varste, xi, 440 
mdnda karman, ti. 43. त va/ana, iv. 25 7. 
مدقم‎ phala, iL 39. بي‎ talandupds, iy, 26 8 
mdeha, xii. 23 त. wali, 239. 
muifra, 336. ram, $30, 
mithena, i 657. عقوم‎ xiii, 16, 
mina, i, 63 n, नच, vill, 19 3: 
mukha. xiv. 0 0 vira, £ 63 n, 
muuthya, i. 18 0, vdrdha, 1 23 च. 
muhurta, i, 12 0. एयक, ix. 18. 
mitrta, i, 10 च vikeld, i १8, vil. 10. 
vikship, 1. TO n, vilk 12. 
vikshepa, i. 70 ©. 
wigraha, vii, 23 
ल, 337 
wij ita, ४11. Sh 
rifaatt, 111 Sm 
widir, iii, 8१ 
vidyvddlura, xil, 21 9 
,سمت‎ add, 7, 2. 
vidhria, सविन, xi. 5 ع‎ 
مسوم اقم‎ vil 2], 
قدب‎ L 12m, 
wiparifa, xi &n, पदक 
तिवत, iv, 155 
rirarran!, add, 7. 8. 
धत, 345, 





- wr 2 


بض 12 nora, xii, 22 5 | pride, vi‏ عر 
farayentra, xi, 24. prdéna, i. 127.‏ عر 
a eT, 6D n, ait $3 ५9 1‏ 3 
Ei, xii, ad 4‏ كت 
madi, 120, xi 58 च,‏ = 
nddikd, i, 120, xii, 22-0, pala, ill. 340. 5‏ = 
ee yuni, S53, |‏ نك 16 nimilena, iv.‏ 
pimesha, 1. 125 व+ $33,‏ = 
nirakehe, xit 441,‏ = 
_onirrti, 887. bala, vii. 20‏ 
Ey om. a, bali, 338.‏ : .17.14 
wicdpati n.d, balin, wil, 21,‏ --- 
B35. birha viii. 18,‏ ,ابم 
व. mind, 1. 660,‏ 1.1[ 
.26 ,16 نه paksha, iL 66 5 bikin, ॥. Bun, add,‏ 
pada, it 29, vill. 6, 541 ५1. 1.)‏ 
para, i 21 n, (10 १५०, i, 29 च‏ 
parana, 1. 10 नव, bk 97. 5345.‏ 
poranatrdati, jyd, i, १8१. | (क्क, add. n. 3.‏ 
porunicew, i, 12 त. bphaspati, add. n. 8,‏ 
नि 0.1 28 2,‏ 
param 2 3 brolumatpdays, vill. 12 n.‏ 
त,‏ 
(नवि 38, ॥ $40,427 7, iL 120,‏ 
parilekha, vi. 1 त, | bhoguea, L&T, ii, 1, aL 8‏ 
। च (कतव, प, 1 iherakra, ii, 49.‏ 
नवत, B41‏ | | 
parvan, iv. Bn, xiv, 165, thadrapudd, 341‏ 
,$25 تخسن parvanddyear, iv, 8 n,‏ 
م 21 vinddyas, ४.2. fiero, ऋ.‏ 
त,‏ 5 خلا ,00 53 parrdnfa, xiv,.16 n,‏ 
pala, iL. 140, xi, 238 (वण, | 25 त.‏ 
palahhd, iii, 18 2 Muddrapadd, 341‏ 
paredd, vi. 12 n, dow, ald. nm, &‏ 
pila, 1. 32, xi. Gn. bhergara, add, 1. 8‏ 
bAdebore, add. in, 2,‏ بن 5 ddhikdra, xi,‏ 
patdla, xii, 33, तणा, it, 490,‏ 
a, 1. 999. hei. i, 27.‏ 
pdraddrd, xili, 22 0", i. 27 0.‏ 
دوع pisda, 0. 27 त, bherja, व‏ 
pifaras, $32 (भुत, 30 n, n. 16,‏ 
pitrya, viii. 18. wjapiphala, ii, 380.‏ 
penareae, 350 bhujaphala, i. 209, `‏ 
purusha, xii, 12 (नी क‏ 
puthys, 351‏ 
parca”, praia, i. 66 n,‏ : 
Ppirpimdnta, xiv. 16 0,‏ 





(न 

bhogvisavos, 7499. | 
444४७, od a 
biramand, अप. 16, 


makara, 1, 58 च, 
वद्ध, ३५९. 





पिः iv, 25 n, لله‎ n. 28. 





حلا 





ee a د‎ ~क 

पवताद, 485 
grdaa, iv. 11 च, 15 n, 20. (५५, 1 ६95, 
grdtaka, iv. 9 n, forana, 225. 
grdhya, iy. On, frinpathriyas, tik 12 n. 

॥ trinpatirteas, fii, 182 
क्षीव, xiii. 28, 7 | trikona, ili, 34 n. 
ghatikd, ६ 13 2, अपि. २३५. पववत ककव, vii. 145 

। ण्‌ ind, ii, 609, 
cakra, 0. 12 n, xiii, 21 n. i. 80 ध 
éaturasra, it, 5 tnipropuddijkdra, ii, 69 9. 
cafuryuga, 1 15, 17 त. fridhayied, —jyd, —midwevikd, i, 60 8: 

cafuslpeda, ii, 897. fridhonalagna, त, 1 प. 
frufi, 18 


trefd guga, i 17 8 


dakahina, vi. 1१, 
dalsAiadyana, iii, 12 8 
donde, i, 12n, 6098 
da«ra, vill. 9 
inakera, add, च, 8. 

॥ @inardd, 1. २8१. 51 च. 
dinarydeadala, tL 60 5 
dirdkara, mil n, 3, 

|| die, ii. 69m, ¥. 2. 

|>= (वाचन, vil, 128. 

५ 6 


938 d, vil 18 
च, 

ha Dube ts ZL Gn. 

haan tech des 


1 


3 ¥. T. 
i pal lbh 
z= 


> depa, ॥. 697. ४. 2, 
| » + On. 


न سبع‎ iL 39 ०, 434. 


> dos, ti 209, add 0. 16, 
x dyugana, i bln, 
1 r ५ afd, 11 808. 
عام‎ 36. क क ra कण्डरा, 1.14 च. 
ل وس وم‎ xili, ३ त. + drisvabhava, xiv. 4. 
jyotu, Lin | ॐ Gvipe, xii. 44 ب‎ 











482 | E. Burgess, ete. 

drdri, 320. | kdpdlika, vill, 13 0, 

dryitd, add. ठ. 26, .عطس ا‎ add. nm. 18 

df, i 55 ५८०, ॥ 100, fi, 698. 

dertya, tii. 13 च, वक ix 11 त, 

वकलन 32, 

tit 60,‏ بق .332 باتمايسامك 

कवलत, गीः १११. 1.11 | ix. 5 n. 
Adaht म 1 12 9 

indu, add. n_ 3, buja, add. च. 3, 

inpakd, ald. 7, 26, kujyd, 0. 88 च. 

Weald, add, ०. 26, 4/9. ii; 12 

६५/१५, ackl.n. 5 क poh 

Ate, ١ 58 ए, fe, Wil, 22. 

~ ote न i, Shee 1 

weed, ॥ 83, 34 १, n fa. yoga, i. 11 بم‎ 

ufkramajyd, 1 27 n. ibd, 

ध ५ | नीक, xiv, 1, 

wifara, vi. 12 بط‎ | kraknatdmera, vi. 25, 

wiera tAanda, xi, 235 | krahna poksha, j. 61 त, 

uitordyona, 91, 12१. | गणी, ii, 3098, 450 

पङ, ¥, Bo, ix. 198, oti, ii. 307, عد‎ 1h n, add. n, 14, 

udayaj totijyd, 31. 30 7, add. n, 16, 
kofijydpAala, ii, ه39‎ 
totiphala, ii, 39 च, 
Kona, 1. 347. 
honaranku, iii, 347 
krdnti, i, 70 1, 


wainandalarankuy, tii, ३4 च, 
vil. 18, 


Erdntijyd, ii, 28m, 

20 ياي 

4.11 (भ 111. 12 

lala, xiii. 13 5‏ حل جل 


ऋ 105, शतत ब, xiil 13.‏ وسدكسضة 


परग णका १८2, xiii 15 بد‎ (कणाच, i. 60 5 
kshona, i, 127. 
yeaa, mii. 17, कतक, i, 40 n, xii, 72 n, 
ru, 1. 17. kahiti, ti. 63 च. 
Tha, ik 5 7. bahitija,- iii, 497, > 1 


| satis, i, 63 0, gy? al 
i. 700, 
Py ६२१. ee bot 


781! नि 


rahi, viii, 215 xiv, 26 
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SANSKRIT INDEX 


Tex following Index contains all the Sanskrit words, excepting proper names, 
which hare been clted in the text and notes, in connection with thelr translation or 
more detailed explanation, 1 includes many terme of trivial limporttance, but wa 
prefer to err npon the side of follnces, if upon दाला, All the cases of occurrence 
of cach word ore not given, bot it is referred to a clirecteristle passage, or to the 
note where it ها‎ explained. The references by Roman and Arbic figures are to ' 
chapter and verse, and ah added ور‎ denotes the note next following the verse given 
Arabie frures when weed alone refer to pages. 
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all the faets into account, the supposition that this people were tho 
inventors is altogether untenable, 

1 close this note—already 19 es than T intended—with a qnotation 
from that distinguished orientalist, प्रि. 'T. Colebrooke. In a very valn- 
able ee “On the Notions of the Hindn Astronomers concern- 
ing t ae jon of the Equinoxes and Motions of the Planets,” having 
stated with some detail some of the more striking peculiarities of the 
Hind त and likewise coincidences existing between them and that 
of the Greeks, with the evidence of communication from one people to 
the other, he says: “If these circumstances, joined to a resemblance 
hardly to be supposed casual, which the Hindu astronomy, with its عجره‎ 
paratus of eccentrics and € 1 veles, bears in many respecte to that of 
the Greeks, be thought to authorize belief, that the Hinds received 
from the Greeks that knowledge which enabled them to correet and im- 
Pee their own 114 fect astronomy, I shall not be inclined to dissent 
from the opinion” (As. Res., xii. 245-0; Essays, 1. 411), 

This is all that مع‎ learned and enntious a writer could my in favor of 
the opinion that the Hindus derived astronomical knowledge from the 
Greeks. More that this 1 certainly could not say. After the solar 
division of the zodiac, with the names of its parts, it is evident, I think, 
that only hints could have passed from one people to the other, and that 
at an early period; for on the supposition that the Hindus borrowed 
from the Greeks at a later period, we find it difficult to see precisely 
What it was that they borrowed: since in no case do numerical data and 
results in the systems of the two peoples exactly correspond, And in 
regard to the more important of such data and resulis—as for instanoe, 
the amount of the annual precession of the equinoxes, the relative size 
of the sun and moon ss compared with the earth, the greatest equation 
of the centre for the san—the Hindus are more nearly correct than the 
Greeks, and in regard to the times of the revolutions of the planets 
they are very nearly 95 correct: it appearing from # comparative view 
of the sidereal revolations of the planets (p- 168), that the Hindus are 
most nearly correct in fotr items, and Ptolemy in six. There has evi- 
dently been very‘little astronomical borrowing between the Hindus and 
the Greeks. And in relation to points that prove a communication from 
one people to the other, with my present knowledge on the subject, I 
am 77८ आन्न न think that the course of derivation was the opposite to 
that supp by कुर enst to weat rather than from west 
to east; and I would express my opinion in relation to astronomy, in 
the language which this eminent scholar usés in relation to some coinci= 
Genet in speculative philosophy and religious dogmas, especially the 

; doctrine of imetempeychosis, found in the Greek and Hindu systems, 

= which indicate 9 communication from one people to the other: “J 
يي‎ 10 conclude that the Indians were in this instance 

core hier em learners” 0 of the Roy. بعل‎ Sov., i. 579). 

ist epee xpressed in 1 saay on omental phi - that 

came from the pen of Colebrocke, ॥ ty aie ea 

Boston, May, 1600. 
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As to the application of the names of the planets to the days of the 
week, itis impossible to determine definitely where it origi ginated. Re- 


specting this matter, Prof. H. H. Wilson expresses his opinion—in which 
1 concur—in the following language: “The origin of this a as rement 
is not very precisely ascertained, aa it was unknown to the Greeks, and 


not adopted by the Romans until a متها‎ period. It is communly 
ascribed to the reve tians and Babylonians, but upon no very sufficient 
authority, and the Hindus भा to have at least كد‎ good a title to the 
invention as any other people” (Jour. Roy. As. Soc., ix. 84). 

One word on the claims of the Arabians to the honor of original in- 
vention in astronomical science. And first, they themselves claim no 
such honor, They confess to having received their astronomy from 
India and Greece, They had st an early period some two or three of 
the first Hindu treatises of astronomy. “In the reign of the second 
Abbasside Khalif Almansir... (A. D_778), as is related in the preface 
to the astronomical tables of Ben-Al-Adami, published... A bh . 920, 
an Indinn astronomer, well versed in. the science which he professed, 
visited the court of the Khalif, bringing with him tables of the equa- 
tions of planets accordin م‎ to the mean motions, with observations rela- 
tive to both solar and lunar eclipses, and the ascension of the signs 
taken, as he affirmed, from tables computed by an Indian prince, whose 
name, قم‎ the Arabinn author writes it, was Puienan” (Colebrooke's 
Hindu Algebra, .م‎ Ixiv), That the Arabians were thoroughly imbued 
with a knowledge of the Hindu astronomy before they became. ac- 
9 with that of the Greeks, is evident from ह translation of 
Ptolemy's Syntaxis, It is known that this great work of the Greek 
astronomer first became known in En rope through the Arabic version, 
In the Latin translation of this version, the ascending node (Greek पन्न 
0404 ०८०८००६} is called nodus capitis, “node of the bead,” and the 
descending node (Greek रयत ofedeono;), nodus cauda, “node of 
the tail"—which are pure Hindu appellations (sce Latin Translation of ٠ 
Almagest, B.iv, ch.4: B. vi, ch. 7, etal.). This fact, with other evidence, 
clearly shows the influence of Hindo astronomy on that of the Arabians. 
In fact, this latter people seem to have done little more in this science 
than work over the materials derived from their eastern and western 

य fact showing the belief of the Arabians themselves reapect- 
ing their indebtedness, in matters of science, to the Hindus, should be 
mentioned here, They ascribe the invention of the ولد سدق‎ the nine 
digits (the credit of whose invention is quite generally awarded. to the 
Arabians), to the Hindus, “All the Arabic and Persian books of arith- 
metic ascribe the invention to the Indians” (Strachey, on the Early 
History of Algebra, As. Res, xii. 184; see likewise Colebrooke’s Hindu 
Algebra, pp. li-liii, where the same is shown from a different authorit 4 
Strachey’s article was published subsequently to the work of Colebrooke) 
_ The above facts and considerations, showing the indebtedness of the 
Arabians to the Hindus in regard to mathematical and astronomical 
science, clearly have an important bearing on the question of priority 
of invention in regard to the lunar division of the zodiac into twenty- 
eight asterisms, st least so معط‎ the Arabiana are concerned. Taking 
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unfilled, should have added to their own the Chaldean constellations 
from which the twelve divisions were named,’” Whether Ideler meant 
by “Orientals” the Chaldeans, or some other enstern people, the appli- 
cation of the term in this connection to the Hindus exactly suits the 
supposition of the Indian origin of the division in 1 uestion, since ال‎ 
Indian astronomy the names of the signa are anys y names of the 
twelfth parts of the ecliptic, and are never "pp lied to constellations, 
Humboldt’s opinion is, that the solar divisions of the ecliptic, with the 
names of the signs, came to the Greeks from Chaldea. sire the evi- 
dence preponderates in favor of a more eastern, if not a Hindu, origin. 

4, The weve of epicycles, The difference in the development of 
this theo 7 in the Greek and Hindu i ‘stems of astronomy precludes 
the idea one of these people derived more than a hint respecting it 
from the other, And so far as this point alone is concerned, we have as 
much reason to suppose the Greeks to have been the borrowers as the 
contrary; but other considerations secm to favor the supposition that 
the Hindus were the original inventors of this theory. 

4. As regards astrology, there is not much honor, in any estimation, 
connected with its invention and culture. The coincidences that exist 
between the Hindu and Greek beg gma are too remarkable to admit of 
the supposition of an independent origin for them. But the honor of 
original invention, such as it is, lies, I think, between the Hindus and the 
Chaldeans. The evidence of Bea of invention and culture seems, on 
the whole, to be in favor of the former; the existence of three or four 
Arabic and Greek terms in the Hindu system being accounted for on 
the supposition that they were introduced at a comparatively recent 
period. In reference, however, to the word Aord, Greek Gea (see notes 
to i, 52; xii. 78-79), it कुः; not be inappropriate to introduce the عونا‎ 
timony of Herodotus (4 + ch. 109): “The sun-dial and the gn 0707, 
with the division of the day into twelve parts, were recciy by the 
Greeks from the Babylonians.” There is abundant testimony to the 
fact that the division of the day into twenty-four hours existed in the 
East, if not शू fe in India, before it did in Greece. In reference, 
farther, to the so-called Greek words found in Hindu astronomical treat- 
wes, 1 would remark that we may with entire 0 ro prey refer them to 
that numerous class of words common to the Greek and Sanskrit lan- 
guages, which cither came to both from a common source, or passed 
from the Sanskrit to the Greek at a pee त्य of high antiquity; for no 
one maintains, so far as | am aware, that the Greek is the parent of the 
Sanskrit, to the extent indicated by this numerous ¢lass of words, and 
by the similarity of grammatical inflections in the two languages, 

5. As to the names of the planets, I remark that the identity of all 
of them = the Hindo and Greek systems 15 not to my mind clearly 
made ou (1 this may be, I think the present names of the 
po in Greek astronomy originated at least ns far cast as Chaldea, 
Herodotus says (B. 11, ch. 52)... . “the names of the gods came into 
Greece Fem Egypt.” The names of the planets are names of gods, 
Herodotus’ 6 non indicates the belief of the Greeks in reference to 
० م‎ of t १85 names. Other considerations show for them, almost 
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2. The solar division of the عمتلمه‎ into twelve signs, with the names 
eg ar These names are, in their import, pree the same in 
the Hindu and Greek systems. The coincidence is such th at the theory 
of the division and the names of the parts having proceeded from one 
original source ia unquestionably the correct one. 

8. The theory of epicyeles in iba د‎ iw for the motions of yet ee plan- 
ets, and in calculating their true places, This is common to the 
and Greek astronomies. At least, there is such a coincidence in the two 
systems in reference to the epicyeles ax almost to preclude the idea of 
independent origin or invention. 

4. Coincidences, and even a sameness in some parts, between the 
systems of rah 9 received among the Hindus, Greeks, and Arabians, 
strongly indicate for thoge systems, in their primitive and essential लह 
Wichts, لز‎ COMMON छता, 

6. The names of the five रः known to the ancients, and the ap- 
plication of these names to the days of the week (sce notes, 1. 52). 

In regard to thee specifications | remark in general : 

First, in reference to no one of them do the claims of any people to 
the honor of havi oe been the onginal inventors or discoverers appear to 
be better founded than those the Hindus. | 

Secondly, in reference to most of them, the evidence of originality T 
regand as clearly in favor of the Hindus; and in regard to some, and 
those the more important, this evidence appears to me nearly or quite 
conclusive. oo 
a 1 have not space for detail, nor is it the design of this noteto enter 
ito the details of argument on any point whatever, A brief remark, 
however, for the sake of clearness, seems called for in reference to each 
of the above five specifications of facts and principles common to some 
or all of the ancient systems of astronomy and astrology. 

1. As to the lunar division of the zodiac into twenty-seven or twenty- 
eight astorisms, The undoubted antiquity of this division, even in its 
elaborated form, among the Hindus, in connection with the absence or 
paucity of such evidence among any other people, incline me decidedly 
to the opinion that the division is of 9 purely Hindu a in. This ts 
atill my pe notwithstanding the views advanced by M. Biot and 
others in favor of another origin. 

2. As to the solar division of the zodine into twelve parts, and the 
naines of those parts. The use of this division, and the present names 
of the signs, can be proved to lave existed in India at as early a period 
aa in any other country; and there is evidence less clear sed satisine- 
bank OF is true, yet of such a character as to create a high ل‎ antes of 
probability, that this division was known to the Hindus centuries before 
any traces can be found in existence among any other peo 

As corroborative of this रि ition in Part or at lenst aa strongly favor= 
ا ا‎ idea of an eastern oryin of the division of the ecliptic in question, 
1 may be allowed to adduce the opinions of Idelor and Lepsius, as quoted 
by Homboldt (Cosmos, Harper's ed., iii, 120, note): “Ideler is inelined 
to belicve that the Orientals had names, but not constellations, for the 
Dodecatomeria, and Lepsius regards it as a natural assumption ‘that 
the Greeks, at the period when their sphere was for the most part 
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It 57 uot be improper for me to state, in a closing note, that I had 
prepared a somewhat extended and elaborate essay on the history of 
astronomy among the Hindus, to be published in connection with the 
precedi ng translation, But the dae of this essay is such—the subject 
matter of it not being material té the illustration of the Siddhanta, and 
the translation and notes having already occupied so much space—that 
it was not thought advisable to insert it here, 

Yet as my investigations have led me to adopt opinions on some 
points differing from those advanced by Prof. व in his very valu- 
able additions to the notes upon the translation, truth and consistency 
seem to require me to present at least a brief summary of the results at 
which 1 arrived in that essay in reference to the points in ICE TE By 
مه‎ doing, 1 free myself from any embarrassment under which I should 
labor, if ॥ hereafter—as I now intend—I shall wish to express the 
grounds for my opinions on these points, in this Journal or elsewhere. 

The points to which I allude bear mpon the claims of the Hindus to 
the honor of original invention and discoery in astronomical sclence— 

1 ए iall (६8 their claims to such an honor in comparison with the Greeks. 

Prof, Whitney seems to hold the opinion, that the Hindus derived 
their astronomy and astrology almost bodily from the Greeka—and 
that what they did not borrow from the Greeks, they derived from other 
phy as the Arabians, Chaldeans and Chinese (see pp. 178, 348, 350, 
etal). I think he does not give the Hindus tho credit due to them, 
and awards to the Greeks more eredit than they are 0 y entitled to, 
In advancing this opinion, however, I admit that the Greeks, at a later 
sept were the more successful cultivators of astronomical science. 
There is nothing among the rea treatises that can compare with the 
great Syntoxis of Ptolemy. And yet, from the light I now have, I 
must think the Hindus original in regard to most of the elementary 
جاعم‎ and principles of astronomy as found in their systems, and for the 
most part also in their cultivation of.the science: aud that the Grecks 
borrowed from them, or from an intermediate secondary source, to 
which these facts and principles had come from India. I might perhaps 
so fr 0 this statement as to admit the supposition set neither 
Greeks nor Hindus borrowed the one from the other, but both from دا‎ 
common source. But with my present knowledge, I cannot concur in 
the opinion that the Hindus are, to any great extent, indebted to the 
Greeks for their व or that the latter have any well grounded 
claims to the honor of originality in स to those elementary rv facts 
and principles of च science which are common to their own 
and other ancient eystems, and which arc of such a natare as indicates 
for them Sale “ge origin, and a transmission from one system to another. 
For the sake of clearness, it is well that"I should state more specifically 
class above referred to. They are as follows : = 

lunar division of the zodiac into twenty-seven or twenty-eight‏ ام 
nate (see tranal., ch, vui). This division is common, with slight‏ 
modifications, to the Hindu, Arabian, and Chinese system,‏ 
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do from those ofthe Syntaxis, ifthe latter had beon already in existence, 
and acknowledged as i principal and most authoritative on nent of 
Greek astronomy. Whether the information was transmitted through 
the medium of Hindus who visited the Mediterranean, or of learned 
Greeks who made the voyage to India, or b 1 the translation of Greek 
treatises, or by what other methods, we would not at present even offer 
> conjecture; and the point is one of only subordinate conseqnence. 

Whatever may have been the date of the first communication of the 

elements out of which the Hindu system was elaborated, there is good 
Treason to suppose that its final reduction to its present form did not 
take place until some time during the fifth and sixth centuries, That 
period is distinctly pointed oa B ` the choice of the equinox of A. D, 
570 as the imitial and principal point of the fixed 1 here (note to i. aay 
by the definition of position of the junction-stars of the asterisms (p. 355), 
and by the Hinda traditions which refer to that time the names of 
| 0 prominence. and authority in the early history of the science, 

tis evident that the elaboration of the system must have been a work 
of me robably of hus generations: what were the forms which it 
wore in the interval we do not Kihow; here, as in many other depart- 
ments of the Hindu literature, all record of the steps of development 
‘appears to be lost, only the final and fully formed product being pre- 
served and transmitted to us: yet more licht upon this point may still 
be he 0 for, from the careful examination of all documents now ac- 
eessible, or of such as may hereafter be distovered. ‘The process of 
ausimilation and adaptation to Hindu conceptions and Hindu methods 
was thoroughly and completely re erformed, Among the changes of 
method introduced, the most छि ind pt riant was the substitution 
of sines for chords (p. 200); the general substitution of an arithmetical 
for a geometrical form also deserves 1 notice, That no great 
amount of geometrical science ध unplied in any part of the इडा, is 
Very evident; it is distinguished by the constant and dexterons ap plica- 
tion of a few simple principles: the श lity of the square of the hy- 
pothenuse to the sum of the squares of the base and perpendicular—the 
comparison of similar rig ht-angled triangles—the formation and eom- 
bination of proportions, the rule of three—are the characteristic features 
of the early Hindu mathematical knowledge, as displayed in the Siirya- 
Siddhinta, Of other treatises, of an enr fies or later pert lod, as those of 
Brahmagupta and BhAskara, which (see Colebrooke's Hindu Algebra) 
give evidence of knowledge more profound in arithmetic and algebra, 
we cannot at present speak; but 9 hope at some future time to be able 
to revert to the subject of the Hindu astronomy, in connection with 
these or other of the text-books by which it is represented. 


Rev. Mr. Bargess, sagan धः his translation and notes in the 
hands of the Committee of Publication for farther elaboration, has very 
liberally allowed them entire freedom in their work, even where their 
deductions, and the views they expressed, did not accord with his own 
opinions, The most important point at issue between us is that dis- 
cussed in the next preceding pages, or the originality of the Hindu 
astronomy; upon this, then, 2 18 desirous of expressing independently 
hia dissenting views, aa in the following note, : 
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minute, is no Sanskrit word, but taken directly from the Greek, being 
fipta, which is dearéy. Again, the planets are ordinarily named in the 
SiddhAntas in the order in wliich they succeed one another as regents 
of the days of the week; and not only oe it been shown above that 
the week is no orginal Hindu institution, but it has even appeared that, 
on tracing it to its very foundation, we find there another Greek word, 
dye, represented 57 Aord. Once more, in the cardinal operation of find- 
ing by means of the system of epicycles the true place of a planet, we 
see that one of the most important data, the mean anomaly, i8 called 
by another name of Greek ori fin, namely kendra, which ts xérrpor, 
These three words, occurring where they do, not upon the ontskirts of 
the Hindu science, but in its very centre and citadel, amount of them- 
selves almost to full proof of its < reek origin: taken in connection with 
the other concurrent evidences, they form an argument which can nej- 
ther be set aside nor refuted. Of those other evidences, we will only 
mention farther here that Hindu treatises and commentaries of an early 
date often refer to the yavanas,“ Grecks” or “Westerners,” and to ya- 

tandcdryds, “the Greek (or een teachers,” qs authorities on astro- 
nomical subjects—that astronomical treatises are found bearing names 
which come more or less distinctly from the West (note to i 4-6)—and 
that floating traditions are met with, to the effect that eome of the 
Siddbhntas were revealed to their homan promulgators in Romaka-city, 
that is to say, at Rome. Farther witness to the same truth, deducible 
from other coincidences of the two systems, we pass unnoticed hero, 
since it is not our object to discuss the question exhaustively, but only 
to bring forward the main grounds of our opinions, 

The question next arises, when, and in what manner the knowledge of 
astronomy was communicated from Greece to India. In reply to this, 
only probabilities offer themselves, yet in some points the indications 
are pretty distinct. It is, in onr own view, altogether likely that the 
science cume in connection with the lively commerce which, da ring the 
first centuries of our era, was carried on by sea between Alexandria, as 
the port and mart of Rome, and the western const of India. Two con- 
siderations especially favor this supposition: first, that the chief site of 
the Hindu science is found to be the city which lay nearest to the route 
of that commerce (note to 1. 62): secondly, that Rome is the only west- 
ern city or country which is distinctly mentioned in the astronomical 
preog ray ¥ (xii, 39), and the one with which, as above noticed, the astro- 
mon traditions connect themselves, Had the Hindus derived their 
knowledge overland, through the Syrian, Persian, and Bactrian king- 
doms which stood under Greek government, or in which Greek influence 
was predominant, and Greek culture known and prized, the name of 
Rome 0 aye ४ त likely to Ro with such promi- 
nence, 6 capitals of Hindustan p oi ds would more pro see have 
been the cradles of the new اليج‎ ती absence from the Hindu 
का of any of the improvements introduced by Ptolemy into that of 
the Greeks (note to ii. 43-45) tends strongly to prove that the transmis- 
sion of the principal groundwork of the former took place before his 
time: nor can we think it likely that the numerical elements jedopted 1 
by th Hindus would vary so much as in many cases they are found 
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cn i that the system, in its form as laid before us, must come from an- 
other people or another ध than that which laid its scientific 
foundation; that it must be the work of a race which either had never 
known, or had had time to forget, the observing habits and the induc- 
tive methods of those who gave it origin. But the hy د‎ that an 
earlier generation in India itself performed the labors of which the later 
श stem-makers reaped the fruit, is well-nigh excluded by the absence, 
ready referred to, ofall evidence in the more ancient literatare of 
deep astronomical investigation: the other alternative, of derivation 
from a foreign source, remains, if not the only possible, at least the only 
probable one. We come, then, next to consider the direct evidences of + 
a Greek origin. 
_ First in importance ae + these is the system of epicyeles for repre- 
sentin 0 the movement, and calculating the positions, of the eis 
This, the cardinal feature in both systems, is (11. 24-45) essentially alike 
and the same in both. Now, notwithstanding the fact that such second- 
ary circles do in fact represent, to a certain degree, true quantities in 
nature, there is yet too much that is strange and arbitrary in them to 
leave any probability to the supposition tliat two nations conld have مول‎ 
vised them independently. ut there are sufficient grownds for believ- 
ing the Greeks to have actually created their own system, bringing it 
by successive steps of elaboration to the form in which Ptolemy finally 
presents it. In the history of the science among the Greeks, everything 
15 clear and open; they tell us what they owed to the Egy peas what 
to the Chaldeans: we trace the conceptions which were the germs of 
their scheme of epicycles, the observations on which it was based, the 
inductive and deductive methods by which it was worked out and eatab- 
lished. In the Hindu astronomy, on the other ain اله‎ is groundless 
assumption and absurd pretense: we find, as basis for the system, neither 
the conceptions—for these are directly or impliedly denied or ignored 
—nor the observations—for not a mention of an actual observation is 
anywhere to be discovered—nor the methods: the whole is gravely pnt 
forth as a complete and perfect fabrie, of divine origin and immemorial 
antiquity. On the agreement of the two sciences in point of numerical 
data we will not 7 any stress, since it might well enough be supposed 
that two nations, if once set upon the same track toward the discovery 
of truth, would arrive spose egaee' ut مع‎ near an accordance with na- 
tore and with one another. We will look for other evidences, of a less 
ambiguous character, to sustain our main argument. The division of 
the circle, into signs, degrees, minutes, and seconds, is the same in both 
systems, and, being the foundation on which all nomerical measurements 
and calculations are ayy is an essential and integral part of both, 
Now the names of the first subdivisions, the «i igns, are the same in 
Greece and in India (see note to 1.58): but with the Greeks they belong 
to certain fixed arcs of the ecliptic, being derived from the constellations 
मन ee سي‎ with the Hindus they are applied to successive 
. *, counted from any (द int that may be chosen; this is an un- 
ambiguous indication that the latter have borrowed them, and ore 
or neglected their original significance, But farther, the ordinary Hindu 
name of that division of the circle which is in most frequent use, the 
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live ‘pasa, ions. The old belief under the influence of which Bailly 
could form his strange theories—the belief in the immense antiquity of 
. the Indian people, and its immemorial possession of a highly developed 
civilization—the belief that India was the eradle of lan عد‎ age, myth- 
ology, arts, sciences, and religions—has long since been proved an error. 
It is now well known that Hindu caltare cannot ater to a remoter 
origin than 2000 B,C., and that, though marked hy strikin Hs emi 
nent traits of intellect and character, the Hindus have ever been weak 

in pans science; metaphysics and grammar—with, perhaps, algebra 
and arithmetic, to them t fe mechanical part of mathematical science— 
beng: the only branches of knowledge in which they have independently 


won honorable distinction, That astronomy would come to constitute 
an exception to the general role in this res apes + there is no antecedent 
ground for supposing. ‘The infrequency of references to the stara in 
| the early Sanskrit literature, the late date of the earliest mention of the 
planets, prove that there was no special impulse leading the nation to 
derote itself to studying the movements of the heavenly bodies, All 
évidence goes to show that the Hindus, even after they had derived 
from abroad (Pp 346) a systematic division of the ecliptic, limited their 
attention to the two chief Juminaries, the sun and moon, and contented 
themselves with establishing a method of maintaining the concordance 
of the solar year ५२५ the order of the lunarmonths, If, then, at a later 
period, we find them in possession of a full astronom of the solar sys- 
tem, our first impulse is to inquire, whence did the 1 obtain it? A 
ise inspection does not tend to inspire us with confidence in it as of 
Hindu origin. We find it, to be sure, thoroughly Hindn in its external 
form, wearing many strange and fantastic features which are to be at 
०१60 recognized as of native Indian growth; but we find it also to con- 
tain much trne science, which could only be derived from a profound 
pee ove: opatriined study of nature, The whole system, in short, may 
be divided into two portions, whereof the one contains truth so. success- 
fully १९१०६९५ that only the Greeks, among all other ancient nations, can 
show porns worthy to be compared with it; the other, the frame- 
work in which that truth is set, composed of arbitrary assumptions and 
‘absurd imaginings, which betray a close connection with the fictitious 
cosmogonies and geographies of the philosophical and Puranic literature 
of Indin, The question presses itself, then, strongly upon us, whether 
these two portions can ل‎ have the same origin: whether the sci- 
entific habit of mind which could lead to the discovery of the one is 
compatible with those traits which would permit its admixture with the 
other. Bat most especially, could a system founded—as this, if origi- 
nal, most have been—upon SPACIOUS, Bocurate, anil protracted observa- 
tion of the te bodies, so entirely ignore the ground-work upon 
refuse and deny all possibility of future im Adie 





sas ho record of an observation, and no confessed deduction from 
observations; in which the astronomer is remanded to his text-book as 
the sole and sufficient source of knowledge, nor ever tanght or coun- 
selled to study the heavens except for the purpose of determining. his 
longitude, his latitude, and the local time} व we have a right to 
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prominence and popularity than are enjoyed by the other works of its 
class, or from what period 2 bee reiminence dates, is unknown. There 
are treatises, like the Cikalya-Sanhitd (add. note 1), which agree with 
it in all essential features; there ara yet others, like the Soma and Va- 
sishtha Siddhintas, which are said (add. note 6) to vary little from it: 
whether any one among them all is origi innl—and if any, which— 
whether in each case the relation is one of co-ordination or of subordi- 
nation—we must be content for the time to be ignorant. ` 
ri One thing, however, is certain: underneath whatever variety may 
aracterize the separate treatises, there exists 3 fund: ity; 
their differences are of secondary importance as compared heir 
resemblances ; ay sil represent الما لمعت‎ a single system a single system. And this 
by no means in the same sense in which all modern astronomical works 
may be said to represent a single system. For the Hindu system ts \not} 
one of nature; it is not even a peculiar method of viewing and inter- 
preting nature, from which, after it had once been devised by some con- 
trolling intellect, others had not the force and originality to deviate: jt 
15 ॐ thoroughly artificial structure, full of arbitrary assumptions, of ab- 
surdities even, which have no foundation in nature, and could be in- 
vented by one as well as another, We need only to refer, as instances, 
to the frame-work of _monstrou ical peri He 14-23-19. 
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_the common epoch । | note to 1, 
20-3 ٠) With is دك‎ } 7 esr 42 Conwy 1 | all 
the planets—to the form of statem the mean moti velding 





recurring conjunctions, at longer or fm ato ner Pac (ot intervals—to the assum 
Hon. of « slarting point for the planets int for the planets fro cium (note 
to 1. 37)—to the revolutions of the apsides 
(i. San een double system of epicye ध 
mination of the planetary orbits (xit, 80-90), ete., ete. These are plait 
indications that the Hindu science emanated from one from_one centre ntre; that it 









was the Habormtion of a ` 0 if not لطن‎ 
aa who had power enough to impose hit cracy upon the science 
‘of a whole nation. The question, then, of the comparative anti nity 
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of single treatises is lost in the higher interest of the i ny —when, 
where, and under what inflnence originated the system pet ich they all 
agree in representing! 3 | 

What our opinions are upon ae ints will not ba a matter of 
doubt with any one who may have carefully looked through the ए 
gard te Be although they have nowhere been explicitly stated. We re- 
| he Hind science as an offshoot from the Greek, planted not far 

the commencement of the Christian era, and attaining its fully de- 

oat d form in the course of the fifth and sixth conturies, ‘The grounds 
of this opinion we will proceed briefly to state. | 

In considering such oh neem it 15 fair to take first into account the 
gen eral probabilities of the .معت‎ And there can be no question that, 

om what we know in other respects of the character and tendencies 
of the Hindu mind, we should not at all look to find the Hindus in 00 
session of an astronomical science containing so much of 4 ney 
hare been from the i, inning distingnished 5 a remarkable inaptitude 
and disinclination to observe, to collect facts, to record, to make induc- 
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sible, and that it was also in some respects. preferable, as being one that 
could be halved and quartered. 


30. 7. 417. In bringing this work to a close, we deem it advisable 
to present, in a su + manner, but more distinctly and connectedly 
than could properly be done in the notes upon the text, our conclusions 
as to certain points in the history of the Sirya-SiddhAnta, and of the 
astronomical science which it 9 سام‎ resents. : 

Jn the first place, Gentley's-determination of the age.of the treatise 
we conceive to be altorether set aside by the considerations which we 
h . _ have adduced against it (note to 1. 29-34); there is no reasonable 
. und for questioning that the Sirya-Siddhanta is, as the Hindus have 

He believed it to be, one of the most ancient and one inal of the works 
which present their modern astronomical science. How far the text of 

Which the translation has been given above is identical in substance and 

extent with that of the يد‎ inal Sirya-SiddhAnta, is another question, 

and one not easy to solve. That it is not procisely the same is evident 

8 enough, Even the modern manuscripts differ from one another in sin- 

gle readings, in details of arrangement, in added or omitted verses, A 

comparison of the texts adopted and established by the different com- 

mentators would be highly mteresting, a8 carrying the history ofthe 
treatise a step farther back: but to us only one commentary is accessi- 

٠ ble, nor do we find anywhere any notices respecting the versions 3 iven 
by the others: in the absence of such, we may conclude that all pre- 

P sent प the same text, and so are alike pone osterior to the model- 
ling of the work into its present form and with its present contenta, 

Bat the indications of addition and interpolation, which we have had in 

60 many cases to point out in our notes, are sumetimes too telling to be 

misinterpreted. Farther than this we may not at present go: any de- 

tailed discussion of the subject must remain unsatisfactory, until > fullor 

+ Sequaintance with other of the ancient धा and a more careful 

comparison of them with one another, | throw upon it new light. 

A point of special interest connected with it is, whether the elements of 

‘mean motions of the planets do actually date from about the tima 
* Seg out by Bentley's calculations With regard to this we are far 

rom being confident; but we do not regard it as impossible, or even as 
very imoprobable, that those elements, as presented by our text, have 
been the same from the beginning, never having undergone correction 

_ until the ap {स of the bija, about A.D. 1500 (p. 183 लं). And 

» the date of that correction is calculated at least to suggest the suspicion 
that Muslim science may have had something to do with it. That 
observation, and the improvement of their system by deductions from 
observation, were ever matters of such serious earnest with the Hindus 

~ that they should have been led to make such amendments independ- 
| प. 1 5 be proved. The most important alteration of which 
। ^ ike direct proof is furnished is that which concerns the pre- 
Session of the equinoxes {neta ما‎ iii. 9-12); and even here we would 

not undertake to say confidently what is the conclusion to be drawn. 
All such maa wires must remain conjectural, mere gro ings in the twi- 
light, 0 the position of the Sirya-Siddhinta in the SiddhAnta litera- 
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28. 2351. We hare क pee ourselves in s manner liable "~ ~ 
to misconstraction as to व a or authority for giving to | ॥-- 4 
the asterisms the name of ف‎ |तत्र mansions,” “ houses of the moon, and. | | 
the like. We would by no means be understood as denying that तह . 
Hindu science, especial 9 its older forms, and in the Hindu 0 0 0 / 
they are brought into particular and conspicuous relations with t a 
moon. Indeed, whether they were originally selected and established with ~ 
reference to the moon's daily progress along the ecliptic, os has been, # 
until lately, the universal opinion, or whether we are to believe with M. 1 
Biot that they had in the first instance nothing to do with the moon, ` 2 
and ouly came by chance to coincide in auinber awith the days of her 2 
sidereal revolution—it is at any rate altogether P robable that to the في ا"‎ ١ | 
Hinda apprehension this coincidence formed thé basis of tho SV storie 
We may even conelude, from the fact that the fisterisms are هه‎ fre- = 
quently spoken of in the early literature of the Brahmana pares — 
while nevertheless there is no distinct mention of the planets ११॥॥ Japer + +s 
(Weber, Ind. Lit. 7. 222), that for a long time the Hindus mast have 5 ١ 
confined their attention and observations to the sun and 10.007, paying 
no heel to न a and yet wo cannot regard it as ino ١ 
degree probable—hardly as possible, even—that any nation or peo wd , $ 
could establish a system of zodiacal asterisms without discovering and | 
taking note of the planets; or that such a system could have been com- ؟‎ 
municated to, and applied by, the Hindus, without a recognition on 
their part of those conspicuons and ever-moving stirs It may fai 31 : 
claimed, then, that the astérisme, as a Hindo institution, are an origin 
ally lunar division of the zodiac; but we object none the less to thar |. 
being styled “lunar mansions,™or called hy any equivalent. names: bee ` 
cause, in the مح عو‎ the Hindus themselves have piven them no-name | 1 
denoting a ع‎ relation to the moon, and no name signifyin पः 60186, 
mansion, station,” or anything of the kind: and because, im 1 he secon न्‌ 
place, as svon and as Yar as the Hinda astronomy extended. itself beyond ") # 
its limitation to observations of the moon, just so farand مم‎ soon dig | 
it employ the system of asterisms as a general method of division af: 
the ecliptic ; so that finally, as pointed out by os above, the asterisma 
have come to be divested, in the properly astronomical literature of 
India, of all special connection with the moon. With almost the same ` 
propriety ا‎ t we call the Hindu signs “lani-solar mansions"—sincw । 58 
they are, by origin, the parts of the क tic occupied by thesun doting, | ` 
eac ८० synodical revolution of the moon—as denominate the® _ 
nakshatres of the Siddhintas “ lonar mansions,” | 

29. p. 358. 11 لاأومطه‎ have mentioned farther, that an additional । a 
inducement—and one, probably, of no small weight—to the reduction of } ४ क्ल ` 
the nomber of asteriums from twenty-eight to twenty-seven, is to be حت‎ 
recognized in the fact that the time of the moon's sidereal revolution 4० 
days, though intermediate between the two numbers, is yet decidedly 
nearer to twenty-seven, exceeding it oy ie than me third. M, Biot ` 
might even claim with some reason that the choice of the nee १.९४ ٠ 
twenty-eight tended to prove the whole system not 2 [09 one by 
origin: yet it might be replied that, the time of revolution being dis- 
tinctly more than twenty-seven days, the larger number was fully admis. ` 
oO . | 
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Phalgunl, or the ل‎ nis, forming the eleventh and twelfth groups, 
are - led also arjuni, “ bright, shining,” | . hay 
Cravana, the twenty-thint asterism, receives the name acrattha, which 
properly that of a tree, the Ficus religiosa; the reason of the appella- 
tion is altogether obscure. | | 
Bhadrapadi, the Inst double asterism, is called pravishthina, “stand, 
support,” in evident allusion to the disposition of the four bright stars 
which compose it, like the four feet of a stand, table, bedstead, or the like. 


थी) 7. ११५. We offer herewith the stellar chart to which reference 
was made in the note sigh .نر و‎ $40, and which is intended to illustrate the 
positions and mutual tions of the Hindu saksAafras, the Arab 
mandzil al-tamer, and the Chinese seu. Wo add a briof explanation 
of the manner in which it has been constructed, and the form in- which 
it is presented, | 

The form of the map is that of م‎ plane projection, 0 the a tic 
as its central line. It would have better illustrated the Hindu method | 
of defini ng the 1 of the junction-stars, and the errors of the po- 
sitions as defined by them, if the 7 nator of A.D. 560,"Instead of the 
ecliptic, had been made the central line of the projection. This, how- 
ever, would have involved the necessi ध. of calculating the right ascen- 
sion and declination of every star laid down, a labor which we were not 
willing to undertake. Moreover, the ecliptic is, in fact, the proper cen- 
tral line along which the groups of the Hindu and Arab systems, at 
least, are arranged, and the form given to the chart also facilitates the 
laying down of the equator of B.C. 2350, which we desired to add, for 
the purpose of enabling our readers to judge in a more enlightened 
manner of the plausibility of M. Biot’s views respecting the origin of 
the Chinese system ; it is drawn with a broken line, while the equator 
of A. 1). 560 ts also represented, by an entire line. As the zone of the 
heavens represented is, in the main, that bopdering the ecliptic, the dis- 
tances and the configuration of the stars are altered and distorted by 
the plane projection to only ave ry slight degree, not enongh to be of any 
account in ए merely illustrative chart, such as this is, As a general rule, 
we have laid down all the stars of the first four magnitudes which are 
situated near the ecliptic, or in that part of the heavens through which 
the line of the asterisms passes; stars of the fourth to fifth magnitude 
are also in many cases added; smaller ones are noted only when they 
enter into the groups of the several systems, or when thera were other 
special reasons for introducing them. The positions are in all cases 

en from Flamsteed’s Catalogue, and the magnitudes are also for the 
most part from the same authority: in many individual cases, however, 
we have followed other authorities. We have endeavored so to mark 
the members of the three different series that these may readily be 
traced across the map; but, to assure and facilitate the comparison, we 
also place upon the page opposite it a cons ae tus of the nomenclature, 
constitution, and correspondence of the three systems, referring -to 
pages 327-344 for a fuller discussion of these matters, and an exposition 
of what is certain, and what more or less hypothetical, or exposed to 
doubt, with regard to them, | 
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the subject of the deflection has been sufficiently illustrated already, in 


the notes opon the text and in the caleulation of the lunar eclipse, we re- 
gard rd it as unnecessary to go through with the حر‎ ite for making 

| ० ‘ions in question. Finally, we annex, asin the case of the 
ec] es aE ce releet 3 summary comparison of the princi 


lunar 


+ pal results of the Hindu processes with the elements of the ech 0 


tare as determined by Prof. Coffin, in his work referred to above. 
Tt must be borne in mind, however, that, owing to the faulty manner in 
which many of the computations of the native astronomer have been 
made, the comparison is not entirely trustworthy ; amore careful adhe- 
renee to the methods of the Siddhivta would have given somewhat 
different results: in the case of the daily motions of the sun and moon, 
the true calculations, as performed by us (see p. 452), give more correct 
values; in other instances, the contrary might perhaps have been the 
Case. 


2A ee Siirya-Siddhinta, Prof. Coffin, Hindu error. 
Time of true conjunction in longitude, ah Jom Sh 55 = th هد‎ 


San's and moon’ longitude, 35 “م5‎ 377 0598 aah de! — 1० “قد‎ 
Moon's distance from node, ai ®^ ا"‎ ia’ "لوو‎ — ३०५ 29 1 
Sun's daily motion in longitude, 56“ 5a’? 57" "نوق‎ - 53“ 
Moon's do. da, 329 of 5 195 الى‎ 137 ~ 6" 13"? 
Sun's apparent diameter, 31" sof? 317 get? ~ ay 
Moon's 9. do, 2g" 3११ 27 a5" عد‎ 4 
Time of apparent conjunction, ३9 fom Sh Jom — 1४ Sam 
Parallax in longitude, in time, 19 pom ah 39 ~ 60 
Amount of greatest obscuration, 19" do’ Sol “و5 14 ع‎ 
Time of firet contact, 30 oom go 352 gh 55m 
Time of separation, ' 4h Som Gh उ — gh fim 

न Duration of eclipse, 36 Jou 39د طون‎ Lom 


26. pp. 327-344. Prof’ Weber, of Berlin, has favored us in a pri- 
vate communication with a number of additional synonyms of the names 
of the asterisms, derived from the literature of the Brihmana period. 

। Mrgaciras, the fifth of the series, is also styled andhaké, “ the blind,” 
क from its dimness; dryikd, “honorable, कक र inrakd, of 

onlitfnl meaning: this latter epithet is also found in some manuscripts 
of the Amarakoca, as various reading for ilvald, which is there ex- 
press declared (1. 1, 2, 25) to designate the stars in the head of the 
antelope. 

Ardra, the sixth asterism, is called bai, “arm.” Taking this name 
‘in न with that of the preceding group, it seems P robable that 
the Hindes figured to themselves the conspicuous constellation Orion 
the श fore-foot, or arm. Perhaps the name Mrgavyadha, “ antelope- 
ane given to the neighboring Sirius (viii, 10), is connected with the 
same fancy, 

The Maghds are called in a hymn of the last book of the Rig-Veda 
(x. 85. 13) aghds: the word means literally “evil, base, "املد‎ and its 
application to ch of a asterisms is so strange that, if not found else- 
where, we should ¢ inclined to conjecture 2 corrupted reading. 


> هد" 
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The calculation of the elements of the éclipse is thus completed. 
For the purpose, however, of illustrating the rules of the text (iv. 18-21) 
for determining, in the case of a solar eclipse, the amount of obscura- 
tion at any given moment during the continuance of the eclipse, we add 
also the following process 

XVI. To find the amount of obscuration of the sun, 2° 38° after 
first contact. 

Wemake choice of this time, which is equivalent to 27" 13° after sun- 
rise, because the data for finding the parallax in latitude at the moment 
have already been calculated (see above, XI). By iv. 18, from the 





True former half-duration (sphuta sparrasthityardha), ॐ aa¥ 
deduct the given interval, ९ an 369 
Interval to apparent conjunction (madAyayrahana), ` जक 
To reduce this interval in time to distance in longitude of the centres, 
we say (iv. 18) . 


009 + 667" 7" :: 440: 8“ “تن‎ 
This, then, would be the interval in longitude between the two centres 
at the given moment, if there were no change of the moon's parallax 
in longitude during the eclipse, or if the moon actually gained in 
2० 29१3 instead of in 39 29°, the distance intervening اد وا‎ her centre 
and the sun's at the moment of first contact. : however, being 
not the case, we — reduce the result thus found in the ratio of 
‘$2 22" to 2° 20°, or of the true to the mean half-duration. That is to 
say (1४, 19), 
3n ga: a0 अदाः; & 77:5 "وق‎ 
and this result, 5’ 50", is the true distance of the two centres in lengi- 
tude, 27° 13° after sunrise. | 
A. briefer and more obvious method of obtaining the quantity in 
uestion would have been to make a proportion as follows :-if, at the 
time of the eclipse, the moon gains upon the sun 27' 20" in ga 2४, 
what will she gain during 44°? or , 
ञव 336: “7د‎ og” : : 44: ¥ "و5‎ 


Upon computation, we find the 
Moon's parallax in latitude, 27" 13° after sunrise, 16’ 51** च. 
Moon's true latitude, $“ a5" क, 
Moon's apparent latitude, ` ri जहत 
115 square, Wo’ “اقل‎ 
Square of distance in longitude (5° 59”), 35" Sqr? 
Their som (iv, 20), 16g? 34" 
Actual distance of centres, un! Sait 
deduct from sum of semi-diameters, 32 6 
Amount of obscuration at given time, एत 13 


If it were desired to project the eclipse, we should how have to cal- 
culate (by iv. 24-25) the deflection (valana) for the moments ० 
conjunction, and separation, and likewise (by iv, 26) the scale of projec- 
tion, As we do not, however, intend to present here a projection, and قط‎ 


at what moment of time they will, allowing for the parallax in ene 
tnde, be at that distance from one another. Now as formerly, to find 1 

time of न are प ape we started from that of true conjunction, 
and arrived at the desired result by a series of approximative calcula- 
tions of the parallax in 0 so now, starting from points removed 
from trie conjunction by the given intervals, we shall ascertain, by a 


` similar series of approximations, the times when the distances repre- 


sented by those intervals will be apparent, 0 the moments to which 
contact and separntion of the disks will be deferred by parallax in lon- 
gitude. The results of the calculations, as made by us, are as follows: 











Time of trae conjunction, 250 av 358 3१ 

- ह्वल and wild, 39 ود‎ , ॐ. 35* 
Times of troe contact and separation, مود‎ 3 a78 dav 
Sun's longitude, with precession, ॐ 3° 48" 16" 99 3० 53” 1/1 
Orient ecliptic-point, a7” تجو 309 68 او‎ 
Orient-sine, 95^ 654" 
Meridian eeliptic-point, ॐ 35° 53! ॐ 33° 56" 
ج110 معدت -سستل تلط‎ 13 
Sine of ecliptic cenith-distance, nog! 03" 
Sine of ecliptic-altitude, 3255" उप्र 
Divisor, ood gis" 

' Moon's longituile, 3535 31 ذل قح‎ 31“ 
[वाह from meridian ecliptic-point, 939 31! 19 ए पऽ 35! 
Bine 1316’ “جره‎ 
Parallax in longitude, इ aq an SF 


Again, we go on to correct th esgresulis by repeated calculations of 
the parallax, in the mode which has already been sufliciently illustrated. 
Annexed are the results only : 








Times of contact and separation, aon 33१ ayn dav 

edd correction for parallax, _ ण a" a0 11 
Times of contact and separation, once equated, 248 च Joa 557 
Corresponding parallax, in 54¥ gn उ 

add to times first obtained, aa" 3३४ ayn उरु 
Times of contact and separation, twice equated, 2.49 उ Jon Sav 
Corresponding parallax, au ॐ ja ज्वा 


Without ‘taking the trouble to carry the calculations any farther, we 
may accept these ध the finally determined values of the parallax in 
longitude at the times of apparent contact and separation. Then, 


_by v. 16, 


Parallax in longitude at contact and separation, 2" 9" ॐ adv 





do. at apparent conjunction, „ 3१50 2855# 
Difference of parallaxes, ie ا‎ 
للم‎ to former and latter mean half-duration, > उप 30 339 
Troe former and latter half-duration, ` उण ` ऊढ ठन 
eablract and add from and to time of app, conj., 275 57» = 97 7+ 

Times of apparent contact and separation, 24०9 340 "308 قد‎ 


405 





¥.] 


Orient ecliptic-point, فق‎ ro? 38“ ب‎ 3° Sq! 
6035" rat’ 
Orient-sine, ads rob}! 
Son's hour-angle, 34६47 4375 
Meridian ecliptic-point, ॐ 119 54" 4 115 7 
Sine of do., +343" igo" 
Zenith-distance of do, 135 16" | 249 43 
Meridian-sine, 1134" 1449" 
Sine of ecliptic senith-distance, 1138“ 1374. 
Parallax in latitude, 16’ च!” 8, 19° र" 3, 
deduct true latitude, 37 46° भ, 9" 34" शः 
Moon's apparent lat. at beg.and ond of eclipse, 12 14 8. 10’ 558 
Finally, from the 
Square of sum of semi-dinmetera, goo’ उ“ gob’ a! 
deduct squares Of app. latitude, io! 3g" nig’ rift 
remain 755" aa! “Bat So’? 
Distance of centres in longitude, a7’ a9" ०४ 3३“ 
Correspanding interval, os age ॐ Sev 
Corrected times of beginning and end of eclipse, 259 28* Jon "ود‎ 


Tt is evidently unnecessary to carry any farther this part of the pro- 
cesta; at the time of the eclipse, the increase of the moon's latitude north- 
ward, and the inerease of her parallax southward, so nearly balance one 
another, that the additional correction yielded by a new computation 
would be quite Inap प्‌ 4 gndeed, has been, in one of the two 
cases, that already obtained. In making this corrective calculation we 
have not followed with exactness the directions given in the commentary 
undor इ, 14-17. It is there taught that, after making the first rough 
determination of the half-duration, based upon the moon's apparent lati- 
tude at apparent conjunction, we must turn back to the true conjunction, 

29 d the positions of the planets and node at intervals of the half-dura- 
on from that point, and make these positions the data of our farther 
approximative - rocesses. The text itself, as patie remarked by ns 
in the notes, shows an utter and provoking want of explicitness with 
regard to the whole matter, nnd may be regarded as favoring equally 
the method of the commentary, our own, or any other that ८ be 
devised. We have taken our own course, then, because we were 
unable to see any sufficient reason for reverting from apparent to true 
sec! gent as directed by the commentator. 

With regard to the next steps, the language of the text is less ambigu- 
ous: it distinctly orders us to deduct from and add to the time of true 
conjunction (fithyanta) the intervals found as the former and latter half 
duration, and from the moments thas determined to compute anew, by 
a repeated process, the parallax in longitude. This is ॐ very laborious 
operation, and not altogether accurate, although perhaps as much so 
as Ay » which the Hindu methods admit. As we are ऽ ed to hare 
already ascertained how fer apart the two centres must be at the mo- 
ments of contact and separation, the problem is, evidently, to determine 
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Square of sum of semi-diameters (£0' 6°”), go" 1 
deduct equure of moon's latitude )11/ 6"), 9 
AL وهب ` ° ال‎ 8/1 
Square root of remainder, जता 5," 


This result represents the distance, as rudely determined, of the two 
centres at the moments of contact and separation. To ascertain the 
corresponding interval of time, we say (iv. 13) 

66g’ 711: Gonz: a7’ Sg’: am Jar 


Now, then, from and to the 
‘Time of apparent conjunction, هبد‎ 57" 
subtract and add the half duration, _ 3० Sas 3a" 
Beginning of eclipse, هرد‎ 25१ 
End of eclipse, 30s ag 


This is as far as the operation was carried by the native calculator, 
and with data and results somewhat different from those here given, 
owing to his neglect to repeat the process of determination of the ¥ = 
allax in longitude in finding the time of apparent conjunction. Un- 
fortunately, however, the text (iv. 14-15; ४, At) prescribes a long 
and tedious series of modifications and corrections of the results so far 
obtained, of which we shall proceed to perform at least enongh to illus- 
trate the method of the process, and the comparative importance of the 
corrections which it furnishes. 

We have first to find the longitude of the sun, moon, and node, at 
the moments thus determined ns those of contact and separation; they 
are as follows: 


Son's long. at فسا‎ conj. (25% 2१), سر‎ ३3० 311 खा 8 139 317 7" 


add for his motion 33 9". 40" 
Sun's long. at beg. and end of eclipse, 8د‎ 13° 31” 23/ 1» 13° “13° 36% na? 
add the precession, 20° 39" 36" 20° 19” 36’! 
Sun's distance from the vernal equinox, 39 3° So’ 59’! 38 3° 55° 47" 
Moon's long. at app, conj. 9 १4० 0“ 4" قر‎ 14> 6 or 
subtract and add motion in 29 32¥, Jo! 568" ee “هد‎ 3677 
Moon's long, at beg. and end of eclipse, 1 139 35“ 36" oe 14० 385“ Bo! 
Node’'s long, at app. conj., 1१ 73० dy 46" ya 19० +" ارق‎ 
add and subtract ar 8^“ 


Nodes long. nt beg. and end ग स्तक, 1# 106 47 لفك‎ 1० “جل قور‎ उह 
To find, then, the moon's true latitude at contact and separation, we 
hare 


Moon's distance from node, ay" Aft? 1 48/ 5३" 
Sine, af Toy’ 
Moon's latitude, a "تك‎ 1 8" 34" न. 


(व are Sateen the at ete parallax in यद्वः and her 5 
, at ing and end of the eclipse, by a process of whic 
the main results are the following : — | 


80 


ا 


vf 


5 7 3 
1 . i 
क # * 
Now, then, to the ^ ज 
नर = ا‎ 
Moon's longitude at trae conjunction, 8 १» 13 31! a” 
add the correction, | ॐ“ 3" 
Moon's longitude at apparent conjunction, 1१ 24> 6 4 
Farther, from the 
Node's longitude at true conjunction, a8 19० dy’ 55" 
deduct the correction, | rd 
Node's longitude at apparent conjunction, ५ 129 तु" a6" 
deduct from moon's longitude, mi? 6 4’ 
Moon's distance from node, : 19 18“ 187" 
Eine, 8" 
Hence the proportion (ii. 57) 
th 3438! : apo’ : 3-98": 6/ BF 
gives us the 
Moon's troe latitude, + 6’ جنم‎ 
dedoct from parallax in latitude [क. 12), a7 14" 8, 
Moon's apparent latituda, on") 6" 8, 


XIV. To find the amount of obscuration (grdsa) at the moment of 
spare arent conjunction. | 
y iv. 10, we add to the 





Diameter of the eclipsing body, the moon, 49’ af! 

Diameter of the eeli sigan body, the sun, 31° 10" 

५४ ag 6० aa’? ial? 

Jo’ . 6" 

ti’ 0 

197 oF 
This Be diese being less than the sun's diameter, the eclipse (iy. 11) is 
XV. To determine the times of the beginning and end of the eclipse 

res (५ : 


the eclipse is ॥ partial one hie His have not to caleulate the times‏ و 
of the व्क inning and end of total obscuration ; and indeed, we may well‏ 
suppose that the Hindus would never venture to calenlate those times‏ 
in 8 solar eclipse : it is even questionable whether the accuracy of their‏ 
methods would justify them in ever predicting with confidence that an‏ 
eclipse would be total. |‏ 

In the first place, we wseume that the moon's apparent latitude, as cal- 
culated for the moment of conjunction, remains unchanged during the 
whole duration of the ecli pee , and calculate, by iv. 12-13, what would 
be, upon that assumption, the interval between the middle of the eclipise 
and either contact or separation of the disks, That is to say (iv. 14), 
from the 
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aay? 59” 
3.68" 

39० भ्र" भ, 

ao? Jd’ 5. 
107" 
१188. 
3930" 
gi" 
2556" 
अ. (नि 
256 उष 
Time of conjunction twice equated, 379 Sor 

Onee more, we repeat the same calculation; its principal results are 
aa follows : 

Orient eeliptic- point, مق‎ 319 41" 
Orient-sine, ora" 
Meridian ecliptic-point, 2 3 a5? “اد‎ 
Meridian-sine, 1941 
Sine of ecliptic zenith-distance, १३१९८ 
‘Sine of ecliptic-altitude, 3216“ 
पिपा, org’ 
Parallax in longitade, an 45 
add to time of true conjunction, a5 27 
Time of apparent conjunction, 279 शष 


A farther repetition of the process would still yield an appreciable 
correction, but as so many errors have been involved in the preceding 
de arta of the calculation as to render any exactness of result unattaina- 

e, and os enough has been done to illustrate the method of correction 
Wace approximation and the inne لجن‎ value of the results it 
yields, we ioe ta and rest content with the last time obtained, ns that 
of the apparent conjunction of the sun and moon, or of the middle of 
the eclipse, at Williams’ vain 2 A 
XI. To calculate the parallax in latitude (mati) for the middle of the 


= 
is is given us by the proportion (v. 10) 
3438" : 731" a7 25 2; एता; इको 14" 8 
in which 1215" ia the sine of ecliptic genith-distance, as found in the last 


process. 
2011. To calculate the moon's latitude, and her apparent latitude, 
व org ~ : 

We require first to find the longitude of the moon, and that of her 
node, for the moment of puss mt conjunction, by adding to their lon- 
eis as already found (above, [X) for the time of true conjunction, 
heir motion during 25 ."قة‎ The amount of motion is found by the pro- 
portions 

609 ६ ووو وو‎ ; 7206/39" ० a 
प्र ^ Sees et af 








v.] 459. 
Now, then, by v. 6, 
Square of last reaullt, 0 4" 
remains 1,338,135" 
: Square-root, 113. 


, This, then, is the sine of ecliptic zenith-distance. The sine of eclip- 
tic-altitude is found by subtracting its square from that of radius, and 
sot ‘the eee of the remainder; it is found to be end % 

6. To find the divisor (eheda), and the sun's parallax in longitu 


“The sine of one sign, or 30°, is 1719". 








Square of sin 80°, 2.4. 
divide by 3.253 
Divinor (shed, 7 ` go8 
Next, to find the interval on the ecliptic between the sun’s place and 
the meridian : | 
Longitude of meridian ecliptic-point, 2 ॐ 3, $^" 
य mg 3%, 50! 37" 
Interval in longitude, 1655 73" “ون‎ 
Of this the sine is 1950/, and, upon diy ain, it by 908, the divisor 
(cheda) above found, the value of the parallax in longitude (/ambana) is 


ascertained to be 2° 21", 

Here is some of the worst blundering which we have yet met with. 
The sine of 35° 13’ is actually 1982/, not 1950’; and upon dividing it 
by 908, we find the quotient to be only 2" 11°, 

The calculator assumes the time of a ~ hig nt conjunction to be dethr- 
mite. by this single correction. As शः text, (क (४, 0), directs 

9 rocess be repeated, ما‎ insure a higher degree of accuracy, we 

shall finally quit at this point the guidance of his computations, cal go 
on to apply in full the rules of Sirya-SiddhAnta. _ 

The sun being west of the meridian, or his longitude being less than 
that of the meridian ecliptic-point (v. 0), the correction for parallax is 
additive to the time of true conjunction, Hence, to the 





Time of troe conjunction, 35 उक 
aiid the correction, a5 91" 
Time of conjunction once equated, aye 13" 


For the time thns found, we now proceed to calculate again the value 
+ The results of the caleulstion are briefly presented 
below: 


Sun's longitade at corrected time of conjunction, قد‎ 3° 537 41“ 
Orient ecliptic-point (/agma), هق‎ 185 So’ 
[ति sine, (1.4 
Orient-sine (ndayayyd), 6d" 


Sun's hour-angle, 3109 
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In order to this, we must first know the sun's بسع‎ aa 6 (nafa), or | 
distance in time from the meridian: it is determined as fo VW 
A quarter of the complete day, 158 oF 
add the sun's ascensional difference, 3a 73# 
The وندسه‎ half-iny مور‎ 330 
deduet from time of conjunction, 1 هك‎ 29 
Sun's hour-angle, weat, ” 6a ag 


The sun's distance from the beginning of the fourth sign was found 
above to be 26° 9' 93". Its equivalent in right sscension (lankodayd- 
saves) is found by the following proportion (iii, 49) : 


٠. ae Jo? ; 3331 : ; 28° أو‎ 331 : 385१ 
Now, from the 
‘Sun's hour-angle, و6‎ रदृ, or يات‎ 
deduct the result of the last proportion, 285" 
reminins rode 


and this remainder, being less than the equivalent of a sign, is reduced 
to its value as longitude by the proportion (iii. 48) 
Ja3¥: Jo® : : بجو :3 قوع انين‎ 

The longitude of the meridian ecliptic-point is acco rdingly 8* 9° 357": 
न) iptic-point is yorg १६ 

Tn criticism of the process as thus conducted, we would only remark 
that the । uurter of the sun's day should have been called 135 2° 4? (see 
above, VIIL 4), and that to take 823° as tho equivalent in right ascen- 
ania of the third and fourth signa is inaccurate, the value piven it by 
our treatise being 1935?, or 3224", 

hel मः meridian-sine (madhyajyd—vy. 4-5) 

03 iret, the declination of the meridian ecliptic-point is lined by 
set وماحم‎ Gi 38) p int is determined ¥ 
"38د‎ : dg: : 3393’: 1378" = sin 239 Jot 35" 

Its value being north, it is deducted from the latitude of the place for 
which the calculation is made, since this, though by us reckoned as 
north, is to the Hindu apprehension (111. 14) always south, being meas- 

ured south from the zenith to the equator, That 4 to say, 


From the given latitude 1 435 da" 51“ 
deduct decl of प्ल, ecliptic-paint, 33° “و3‎ 3१ 
Meridian renith-<listance (natdnrds), . ار‎ Sf ait दर 3. 1477 





11 in th endian-sin nF ह, 

the « 19° > 14" ta‏ + «مكفتلدملت another blunder of the‏ 8 معلل 
ong 1122", =. or: the sine of 19° 3: [भ‏ 
To find the sine of eclj ptic’ genithdistance (1 च‏ ,$ 
sine of ecliptic-altitude (érggats). enith-distance (drkkshepa), and th‏ 

First, by v. 5, | | 


The sine of this arc, which is 1117’, is the meridi 


3438" : 304" : : 1117"; gy! 48" 


४] Sarya-Siddhénta. 457 


of Williams’ College, 42° 42/51" N. We present annexed their values 
as employed by the calculator of the eclipse, and also as calculated ١ 
oursel to the method taught in our text (iii, 42-45). It 
will be noticed that the differences are inconsid ९, and evince 
much carclessness on the of the native astronomer; who, moreover, 


employs vinidis onl rejecting the odd 
whch an olin dl not ध by the Sirya-Siddhinta. 
व ace Wo om 
tat sign So । स rood tath sign 
tay 9 ज 58 19385 mth ~“ 
अप * 285° of 17328 وج‎ roth = 
4th * 359" or 21 54P 31710 gh 4 
ith न 387° or 33337 9354 ण = 
Gth ^ 388° or 33380 3333 7th = 


The equivalents assigned by the Hindu calculator to the Grd and 4th 
qns are moreover, it may be remarked, inconsistent with one another, 
since the one ought to fall short 6f 1935? by as much as the other ex- 


امسو بل و بن 
Now, then, to‏ 
Sun's longitude at conjunction, 1* 135 उअ“ 1“‏ 
add the precession, 20° 19 367"‏ 
Sun's distance from the equinox, a 3? So! 37"‏ 


appears, that the sun is in the 4rd sign, and 26° 9" 237 
from the beginning of the fourth. Hence the proportion (iL 40) 
30०: a87¥ : : 26° 9 23!" : 250% 
give us 950° as the ascensional equivalent of the part of a sign to be 
traversed (bhogydsn The time of the day, or the sun’s distance in 
time from the eastern horizon, is 25° 2१, or 15097. Then, from the 


deduct asc. equiv, of part of ard sign, sha 
deduct asc. equiv, of 4th, Sth, and 6th signs, 11348 
एर तप्ता 1 


This remainder of time, or of ascension, is reduced to its value in are 

of the ecliptic by the proportion (iii. 49) 
388 1187; ¶ > “كد‎ 

Add this result to the whole signs preceding, and the longitude of the 
orient ecliptic-point i is found to be هن‎ 9° 7' 25" gine is 544! 
(more correctly, 545" 

2. To find the orient-sine (udayayyd—yv. 3) 

This is found by the proportion 

2525": 1397’: : 544": Sor’ 

9526" being the cosine of the latitade, and 1399“ the sine of the inclina- 
tion of the ecliptic (i. 28) 

3. To find the meridian ecliptic-point (madhyalagna—iii. 49) 


© 
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considerably from both. Our own method, though varying in some 
respects from that contemplated by the text, ttn nt lose legitimate ape 
plication of its general methods than cither of the others, and it pos 
sesues this important advantage over both, that we were able to verify 
it, and to show, by calculating the mean and on eee for the given 
instant, that the latter was actually the one at which the system made 
the opposition of the sun and moon to take place: while, on the con- 
trary, in the process now in hand, so many errors have been involved, 
that, were the same test to be applied, we should find the centres of the 
sun and moon many minutes apart at the moment fixed seal that of 
conjunction, and the place of conjunction as far removed from the point 
of longitude above determined for it, 

XA. To find the apparent diameters of the sun and moon. 

These ध are determined by means of the following propor- 
tion: as the mean daily motion in yojanas isto the mean diameter in 
yojanas, so is the true motion in minutes to the true diameter in min- 
utes. That is to say, for the sun and moon respectively, 

71.89 : G5007:: 56 591: 3)" 15 
1 05887; 4bor:: اهدج‎ Gol: “وو‎ 3 

This method is in appearance quite different from that which is pre- 
scribed by our text Gs. 2-3), but it is in fact only a sim # or 
reduction, of the rules there given. Thus, for the moon, the text gives 

m. mot, in minutes: true mot.in min.::m, diam, in yo): true diam. in tin. 16 
Transposing, now, the middle terms, transferring the factor 15 from the 
fourth term to the first, and noting that the mean motion in minutes, 


oy multiplied by 15, gives the value of the same in yojanas, we have 
‘the former proportion, namely, 


m. mot. in yo}. : .نه‎ diam. in yoj.::true mot in min.: tree diam. in min, 

Again, in the case of the sun, the rules of the text give 

m, mot, in min; troe mot, in min:: m. diam. in yoj.: true diam, in yoj. 
and = true diam. in yoj.= true diam. in min. 15> (sun's orbit + moon's orbit) 

Now transposing the second and third terms of the proportion, sub- 
stituting for the fourth its equivalent as here stated, an d transferring to 
the first term the last two factors of that equivalent, we have | 
तै, in min.% 15% = ل سس‎ in कू. : : trae mot. in min.:troe त्का. in min. 
But the first term, as thus constructed, is, by the method of determina- 
tion*of the planetary orbits (see xii. 81-83), equal to the sun's mean 
daily motion upon his orbit reckoned in yojanas: hence the proportion 
becomes for the sun, as for the moon, 9 

diam. in yoj. : : true mot. in min, : true diam. in min.‏ بض : mot. in yo}.‏ يه 

XL To calculate the parallax in longitude (amena), and the time 
of kee conjunction (४, 3-0). 

ध |. To find व orient ecliptic-point (lagna) at the moment of true 

: ise وله‎ ॥ 
n order to this, we 2p he ire to have first the equivalents in oblique as- 
cension (wdaydsaras) of the several signs of the zodiac for the latitude 
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the interval of many of the elements of the calculation, as the sun’s and 
moon's rates of motion, the sun's declination and ascensional difference, 
etc, In making the transfer, moreover, the longitude of the moon's 
node has been taken as found for mean equatorial sunrise, without any 
correction for the equation of time, or for the sun's ascensional difference, 

TX. ‘To find the time of true conjunction, and the longitudes of the 
sun, moon, and moon's node at that time. By ii. 66, from the 





Moon's trae longitude, mm 85 3o' 13" 
deduct the sun's do, 19 १39 5 18" 
remains १४ 25° 33° 55" 
divide by the portion of o lunar day, 720 
the quotient is فود‎ and 442° 55" 
deduct the remainder from a whole portion, 720" 


remain अ 9 
This process shows us that the moon has still 277 5” to upon 
the sun, ere order to arrive at the end of the thirtieth or last day of the 
lunar month, or at conjunction with the sun. | 
Next, from the 
deduct the son's do., d 46° 52" 
Moon's daily gain in longitude, . OF 7 
Hence the proportion 
664 7" : Gon : : "و مكو ; "5 “بجو‎ 
gives us the time of conjunction, reckoned from sunrise, as 25" 2", 
Now, by iv. 4, 0 proceed to find the longitudes for that time. The 
amounts of motion during 255 2" are found by the following proportions: 





586 5a": 33°43" 

4a”‏ مد 86 ofa as) ra‏ : هومن 

Jum: rig" 

Then, to the 

Sun's longitude at sunrise, 8 23> eT 
add the correction, 33: 43 
Sun's longitude at conjunction, 14135 3g? ogee 
Moon's longitude at sunrice, 19 85 Sor ger 
add the correction, 5० of 46", 
Moon's longitude at conjunction, 09° 3g) ge 
Node's longitade at sunrise, a 12० do’ نو‎ 
Node's longitada at conjunction, 4० 139 fo? نوو‎ 


The mode of proceedin Pe ted by na aboy in the lunar eclir ipse, 
the sun and moon at that time, is, aa will not fail to be observed quite 
different from that of the native calculator of this स्ट pe . That fol- 
lowed by Davis, or his native assistants (As, Res, ii. 973 etc.), varies 
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The sun's declination being north, sunrise on the given parallel pre- 
eedes sunrise on the equator, and hence this result—which is called the 

carakalée, ^ minutes (kalé) of longitude Shaler ب‎ onding to the ascensional 
difference (cara)"—is to be subtracted from the sun's longitude as for- 
merly found. That is to say, 


Sun's longitude at equatorial sunrise, "ad? الوق بو‎ 

deduct the correction (carakalda), 3 ag’? 

Sun's longitude mt sunrise, Int. 4a? 42° “0و5‎ N, | har hme tay 
long. t4g° ”د‎ Jo’ W. from Lankd, ; د اكت‎ 


_ In finding the corresponding value of the moon's longitude we apply 
first a correction for the sun's equation of place ; it is, in fact, the equa- 
tion of time, calculated after the entirely insufficient method which पः 
have already fully exposed, in connection with pgrt V of the preceding 
process, Th he proportion is (ii. 46) as follows : 
31,600" : too" 351; 5 me rd? 117 : a? "ذف‎ 

Here, again, bad is made poo ty by taking as the second term of the 

ac shat ortion the moon's menn, instead of ie true, rate of motion. It is 
to be noticed that's like correction should have been 2 also to the 
sun's longitude, but was omitted by the calculator. We have, then, 





Moon's longitude, mean equatorial sunrise, 28.215 16° انهو‎ 
add the correction for the equation of time, 3! fi! 
Moon's longitude, troe equatorial sunrise, 1* 379 19" 3 


= Now we apply farther the correction for the sun's ascensional differ- 
_ ence (carasenskara); it is calculated in the same manner with that of 
‘the sun, and its amount is found to be 47’ 51५, 


। Moon's longitude, true equatorial sunrise, far tof 3 
deduct the correction for the sun's ase. diff, ' at Sal? 

Moon's longitude ot sunrise, lat, 49° 42" 5५९५ फ RT 
long. 149° 2! 30"? W. from Lankdl, f 4 al 


1, comparing the longitudes of the sun and moon, as thus deter- 
ined, it दः that the time of conjunction is already pat Hence 
the calculation is carried a day backward, by subtracting from the lon- 
gitude of each body its motion during a day. ‘That is to say, 


न وب ا‎ day"s mothon. sunrise presediae’ sctipen 
Sun, m4? si” ~ 59 52% == 1, 135 ~ 18" 
Moon, 11 309 31 ra” ~ pa? ان‎ Sg = هر‎ 85 ॐ 3“ 
Moon's pole, maa? a 3! ف‎ क 71“ = उब 135 49 14" 


This is an entirely uncalled-for, and a highly inaccurate proceeding. 
By the rule given in our text (ii. प: fgg 85 eas and regular ه‎ 
process to find from any given time the interval to the beginning of the 
current lunar day by reckoning backward, as that to the end of the day 
by الع‎ forward. And to assume that the whole. calculation may 
be transferred from one sunrise back to the preceding by simply deduct- 
ing the amount of motion in a day as determined for the former time is 
to take > most unwarrantable liberty, and to ignore the change during 
1 
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1. To calcuiste the precession of the equinoxes (iii. 9-12). 
The proportion 


| 1,577,917,8288 : Gootey =: 714. dod, 106,527 : a71,050r" "د "45 79 هق‎ 
BY ives us the amount of the motion of the equinox in, its own circle of 
ibratory revolution, since the beginning of things. Rejecting ta pe 
revolutions, and deducting 6* from the fraction of a revolution, we have 
the distance of the equinox from the origin of the sidereal sphere, m 
terms of its own revolotion, as 67° 45/ 22°; three tenths of this, or 
20° 1 36”, is the amount of the precession. 
2, To calculate the sun's declination. 


Sun's longitude, ws 4? 7” 3g” 

Precession, 207 “و1‎ ॐ“ 

Sun's distance from vernal equinox, ae 4 a7" 19 

Sine, 20 
Then, by ii. 28, 


3438"; 1397" :: 3201“ : 'مقدر‎ == sim 3:9 31" 3" 
the sun's declination is therefore 21° 31“ 3”, | 
3. To calenlate the sun’s ascensional difference, — 
The radios of the sun's diurnal circle Coe 40) is S190. 
The equinoctial shadow in the given latitude is 11407, being found 


by the proportion (iii. 17) 
eos Int. : sin lat. : : gnom. : eq. shad. 
or 35395“ ; 3330" :: 124 : 11 णत 


॥ 34 : १। १.० : : १365" : १1४3" 

And, to find the sine of ascensional difference 

Sigg’ : 3438": : 1163" : "وشة؟‎ 

The corresponding arc is 21° 19, or 1270'; and since a minute of 
are is equivalent to a respiration of time, the sun's ascensional difference 
in time 15 12790, or 213°, or $= 335, rejecting the odd respiration. 

4. To calculate the length of the sun's day 

The son being in the third sign, of which the equivalent in right as- 
cension (iii, 42-45) is 19951, the excess of his day over 0 nfidis is found 





by the proportion 
ae “ممق‎ : 19356 2: 59” 8" : 537 
whence ध, wrth of his sy is 21,6637. 
In this calculation of the length of the sun's day, the operator has ta- 


ken the mean, instead of the true, motion of the sun, which is obviously 
less accurate, and which is contrary to the meaning of the rule of the 
text (it. 59), as explained by the commentator. 

Now, in ae to = جمد‎ “oe the sun's lon १ at 
sunrise on the equator sunrise on أ‎ क parallel of north latitode, 
we make ॐ proportion, as follows: if in his whole day the sun moves 
an amount equal to his daily motion, how much will he move daring an 
interval corresponding to his ascensional difference ¶ or 
21,6038: 59" 8“ 2: 1370: 3” ag! 
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This calculation exhibits a rather serious error: the sine of 24° 24", 
the anomaly, is 1942’, not 1927", The final result, however, is-not per- 
ceptibly modified by it: the equation ought to be 1° 14’ 30", and the 


trie lo she 1" 14° 7" 58... ` 





VL find the moon's true longitude. 
From the longitude of the moon's apsia, 39 23० ©“ 34" 
deduct moon's mean longitude, 16 18° ag’ “وز‎ 
Moon's mean anomaly, ॥४ 39 3a 147 
11 1 (त्‌ of epicycle, । قوع‎ 90 
Dimensions of epicyclo, 31° 48" 58." 
Equation of the centre, + 32° 47" 
Hence, to the | 
Moon's mean longitnde, 19 18° तपर" a0" 
add the equation, د‎ ae 
Moon's true longiiude, ot ar? 26! انهو‎ 


VIL = To calculate the true daily motions of the sun and moon. 

The sees of motion for the sun and moon have been found by 
the calculator of the eclipse by the following proportion: as the whole 
orbit of either planet is to its epicyele, so is its mean daily motion to 
the required equation. That is to say, for the sun, 

360° ; 13° 48° 4B": : Sof 807 9“ x67" 
which, by ii. 49, مز‎ subtractive. Hence the sun's true motion is 59“ 8” 
== 16", or 56° 62", 
Again, for the moon, 
अ: 315 46! 58"? : + 790" 35! Gq" 357 
And the moon's true motion is 790’ 85".—69' 36", or 720’ 50”, 

These calculations are exceedingiy incomplete and erroneous, as may 
readily be seen by referring to the corresponding process in the other 
eclipse, or to that given as an illustration in the note to ii. 47-49. * The 
actual value of the sun's equation of motion, as fully caleulated by the 
method of our treatise, is only 1/51"; that of the moon is only 58" 40“; 
Whence the true motions are 57' 17" and 731! 40" respectively, These 
are elements of so much importance, and they enter so variously into 
the after operations, that we have hesitated as to whether it would not 
be better to cancel the whole work of the Hindu calculator from this 

int onward, and to 1 1 it anew ina more exact manner; but we 
fin ave finally concluded to present the whole قو‎ it ia, هد‎ 8 specimen— 
although, we re not a favorable one—of native work; pointing out, 
ot the same time, its deficiences, and cautioning against its results being 
ह قم‎ the best that the system is capable of affording. 

have aoe far found the true longitudes of the sun and moon for‏ ع 
the moment of mean sunrise nt the equator, upon the meridian of the‏ 
given place. We desire now farther to find the same data for the mo-‏ 
ment of sunrise upon the same ineridian. in latitude 42° 49' 61" प्रु. `‏ 

1111. To find the longitudes of the sunand moonat sunrisein long 
149° २, 301, اها‎ 42° 49/51” भ. 
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117. To ascertain the values of the same quantities at mean sunrise 
upon the equator, on the meridian of the Kaa place. 

Adopting 75° 50° as the longitude of the Hindo meridian east. from 
Greenwich, we have, as the interval in longitude of Williams’ College 
from it, 140° 2 30", which is equal to 24950" 20, The latitude is 
42° 42' ."1ن‎ We have, then, first, to determine the distance of the 
place 0 question, upon its own parallel of latitude, from the Hindu 
meridian 


The equatorial circumference of the earth has been found above (note 
to 1. 60-60) to be 6059.64 yojanas. Its circumference upon the paral- 
lel of latitude of Williams’ College is found (1.60) by the following 
proportion : | 

3438! {= 9) ; 3555" (= coe 42° 42" $1") :: 50597.64 : 3: 5 

The depdntara, or difference of longitude in yojanas, is then deter- 

mined thus : 





Gon : 249 Sov ap:: جو.ىكرو3‎ : 1528741 

And the Seda ae hala, or correction for difference of longitude, is 

ealenlated from the ane ily motion of each body, by such a proportion as 
the one sabjoined, which gives the sun's correction: 
1.97 : 1538311: So! 871 : ad? 3" 

We omit the other proportions, and merely present their results in 


the following table: 

॥ Bunrisée at Lanks, Correction. S8orlse on giv. merid. 
नय 2४ 125 نون‎ 1 = af نوو‎ = 28 199 SF 8° 
त्वक, 9 13 3“ 8” ~+ 5 ج537‎ 13 == [5 159 99° 20” 
Sun's apogee, ॐ 175 3+” 33. و لك‎ = 479 [न 33" 
Moon's apogee, as 215 57 “كن "> سه “ولق‎ = aaa" o 34" 
Moon's node, 19 19० 45’ 32" = fag’ = 19 135 46° 3° 


ध 1 (note to i. = "Senge attention to the excessively 
4,4१.१. € 1070095 character of thi process for making ing the correc- 
tion for difference of meridian, 

प्र. To find the sun's true longitude. 








From the longitude of the sun's apsia, ॐ هجو‎ 1” a3 
deduct son's mean longitude (ii, 29), 19 13० 53“ “از‎ 
Sun'd mean anoma 3 1 47-3} 54% 
Sine, 1937" 
The diminution of the sun's epicycle is now found by the following pro- 
portion (11. 38) : | 


S436" : a0" ::. 9097": 11“ 13“ 
The dimensions of the epicycle are, then (ii, 34), 14°—11'12", or 
13° 49'48", Next, the proportion (ii, 39) 
360% 13° 40° 487 2: द्रत 74 1“ 
ge us the sun's equation of the centre, which, by ii, 45, is additive. 


ence to the 
Sun's mean longitude, ४४ 199 5" #قد‎ 
add the equation, 14 41. 
Sun's true longitude, mig? 7 उक 


same with those illustrated He क us in the notes to 1 21-23, M4, 48, 48-51, 
above. It will be noticed that the Hindu astronomer, at least er 
working out an illustrative process, like the one in hand, scorns to make 
use of ree BOR means reducing the labor of computation which 
the text directly rsa liedly permits, and of which, in our own caleu- 
lations, we have been لماع‎ to avail ourselves, 

IL To ascertain the mean longitudes of the sun, the moon, the sun's 
apes the moon's apsis, and the moon's node, for mean midnight on the 

ndu meridian, at the given interval from the creation. 

The amount of motion, since the creation, of the bodies named, in 

their order, is found by the following series of proportions : 


1,3779188 : 714,404,106,597 :: ddaoooo: 1,955,684,955ee" 18 135 14" 14” 
135779 7.8286 : 914,404,106,597 2: 7,793.35 + 26, 47,089.11 कत 19 प्रः 44" उप 
1,577,917 838,000 : 714,404,106,597 ¢: 38+ prev 29 ag? py? 3३५५ 
«0, 5979,917,838 : 714404106,507:: 488,003;  99,234,467Ter ae 339 56° الوا‎ 
1 5977,917,828 : 914,404106,597 3३, 105,145,000r por 179 11 5a’! 


Rejecting Whole revolutions, and, in the case of the moon's node, 
subtracting the fraction from a whole revolution, we have, as the mean 


longitudes required : 
Sun, . geno? ra’ 14“ 
Moon, : قر‎ 9? df" ag” 
Sun's apogee, ॐ 1 ० pt १३५ 
Moon's apogee, ॐ 319 Af gy 
Moon's pode, 19 125 45! to 


The Hindn ¢aleulator has taken, in the case of the moon's apsis 
and node, the numbers of revolutions given by tho text, omitting the 
correction of the ja. We have not, in order to test the accuracy of 
his arithmetical operations, worked over again the proportions, except- 
ing im two instances, the first and Inst: our results di for but slight! 
from those above given (we find the seconds of the sun's place to be 40° , 
and the minutes and seconds of the node's motion to be 192“ 43”)—not 
enongh to render any modification necessary. | 

Il. To ascertain the values of the same quantities at mean sunrise 
on the if a or 6 o'clock, 

In order to this, we must add to each planet's Jongitude one fourth 
the amount of its mean motion ina day. We require, then, the mean 
daily motions. They are found as follows, taking the sun 83 an example : 

1,97.1 7,8384 : ود درك‎ ताप : एष 55 9“ 10“ ror" فى‎ 
We omit the other proportions and their results, as the latter have been 
folly stated in the table of mean motions of the planets (note to i, 20-84), 


Adding a quarter of the daily motion, we have as follows: 


Long. at midnight Correction, Long. of sunrise. 
San, 15 139 *ك1‎ ig’ ~ rf! 4" = هع‎ १39 ce 
جع‎ 1" 97 dd agt مو 135 من == “0و3 "27 38 عل‎ ह 
Sun's apogee, 38 179 17" 33 يك‎ ० = ॐ 176 “جر‎ 33 
Moon's apogee, - ॐ 219 56° gv न ५" الول‎ = 3० 319 57" dow 
Moon's node, mia’ 46 197 ~ = 19 ta? बन نوو‎ 
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I. To find the snm of days (chargena) from the commencement of 
the planetary motions to the time of calculation. ae : 

Th € eclipse in question oceurs at the close of the month Viicikha, 
the second month of the Inni-solar year, in the 1777th year of the era 
of CAlivAbana 10 note 12). To compute, then, the number of 
whole years, and to reduce them, with the remaining part of a year, to 
mean solar days, we proceed as follows : i, 





Sandhi at the beginning of the a/pa, 1,728,000 
Six manranfaras, . । 1 850,558,000 
Twenty-seven maAdywgas of the seventh Mano, _ 116,640,000 
1 وو‎ 056.000 

deduct the time spent in creation, 17,084,000 
From creation to beginning of 28th mahdyuga, 1g 992,000 
Arta yuga of 28th or current mahdyuga, 1,728,000 
(1.6, 1.1 + 1,296,000 
Dedpera yuga of 5 # BSd,000 
Kali yuga, to era of Calivahana, 3,179 
Complete years elapsed of the era, 1,770 
From the creation to end of March, 1854, complete yearu, —1,955,584,955 
to reduce to solar mouths, multiply by 13 
Solar months, । 1 93-470,619.467 
Whole number of solar months 33,470,619,401 


Now, to find the intercalary months, we make the proportion 
31,840,000 + 1,595,336 : : 23,470,619,461 : 721,384,501 


Then, to 
Solar months elapsed, | 23,470,619,461 
add interealary months, । 991,384,701 
Lunar months elapsed, “ad, rg3,004,163 
to reduce to lunar days, multiply by 30 
Lunar days, ५१ 5 प 
add for current month, ~ 00 39 


Farther, to find the number of بقمنوءاماطلظ‎ or omitted lunar days, in 
this period, we say | 7 


1,603,000,060 ; 25,083,252 :: 725,760,1a4,889 : 11,356,018,362 


Next, from 
Lunar days elapsed, 724,760,124 B69 
deduct omitted lunar days, | 11,356.018.363 
Mean solar days elapsed 714404,106,597 


This, then, is the required ahargana, or sum of days from the com- 
mencement of the planetary motions to about tha time of new moon, 
May, 1854. The processes by which it is found are in all respects the 


= - 
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At the elevation, then, which the moon has when in opposition, 7 
make a digit, and by this amount the values of the disk of the moon, 
the shadow, and the latitudes, are to be divided, in order to reduce them 
to'a scale npon which they may be plotted. It ia evident that, in strict- 
ness, the same calculation requires to be made also for the time of con- 
tact and the time of separation, or the time of any other phase of which 
the projection is to serve as an illustration: but it is evident also that 
this is wellnigh impracticable, since one projection could then be used 
to illustrate only a single phase, unless several different scales should 
be employed in the same figure. 

It now only remains for us to present a comparison of the elements 
of the oclipse, as thus calculated, eee their true values as determined 
by modern astronomical science. This: is done in the annexed table. 

true elements we take from the American Nautical Almanac for 
1850. In comparin ५१ the time of the middle of the eclipse, we take, as 
already mentioned, the value of it given by the Hindu process as caleu- 
lated 5 m mein midnight, 
Sarya-Siddhinta, Am. Naut. Almanse, Hindu error. 
Time of opposition inlong., gh Sym 35er, 0. hays 10987. अ, سوة كد‎ 54 


Moon's long. at opposition, «= 1367 “دن =-= ج537 "35 137° 17د‎ 
1 Ink. at ` नं 16“ نكو‎ 8 १९ +> चर ~ 1 17“ 
= तप्र motion in long, 35' 37" 38“ ०.8 ~ >^ 24“ 
Semidiameter of sun, 16" 2"! 16/ 15/.3 नः gat 
da, of moon, ry’ “مو‎ 1 43116 =न- ६, 
da, of shadow, 44" 250“ नु" 16? => ff 
Amonnt of obscuration, 133 ©.813 35 0.518 
Whole duration of eclipse, 34 37m 442 ah Som 249 ++ 45m 308 


25. p.200. Our next note isa 


CaLcu.atios, acconpmsc to Hispv Data asp Murttops, or tHe 
Sotan Ecitrsz or May 261m, 1854, 


FOR THE LATITUDE ASD LONGITUDE OF WILLIAMS’ COLLEGE, WILLIAMSTOWN, MASS, 


As has been already mentioned in the closing note to the fifth chap- 
ter, the following calculation of a solar eclipse was mainly made for the 
translator, while in India, by his native assistant. Some additional ९9]- 
cul ations | have heen appended here by us, in order to render the whole 
process a more complete illustration of the rules as given in the text of 
our treatise ; and we have also had to reject and replace certain parts 
‘of the work actually done, on account of their inaccuracy, For the 
Most part, we present the work as it was made, although involving some 
repetitions which might be regarded as superiluous, after the explana- 
tions and illustrations already given in the notes and in the Sherine 

calculation of م‎ lunar eclipse. The eclipse selected isthe one ealenlatec 
and delineated in Prof. James H. Coffin’s useful work, entitled “Solar 
and Lunar ee جع‎ familiarly illustrated and oe gp with the method 
of वित them, according to the theory of Astronomy as taught in 
New-England Colleges” (New York, 1845). 
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Next, the proportion 
3438": 4 उद्नो" ; ; ०441८ : gga’ = sin 16° 47" | 
shows us that the ecliptic-dleflection is 16° 47'; it كه بها‎ in the former 


d, To find the deflection, in digits. 


From the deflection for latituda, 26° 34' च. 
deduct the ecliptic-deflection, 16° 47" 3. 
remains the net deflection, in arc, : رع‎ 5 47° 17 
its sine is soa! 
divide by 7 
Deflection, in digit, pod.o3 NW. 


For the end of the ire‏ ف 
Of this process, which is throughont closely analogous to the last, we‏ _ 
shall present only a brief statement of the resulta,‏ 


Hour-angle of the centre of the shadow, 3938 ह. 
Moon's hour angle, sr £. 
do. corrected, । وق‎ anf 
Sine, 320 
Deflection for latitude, 3° aa! त. 
Moon's distance from vernal equinox + 34, هب‎ ॥ 79 a4! 
Are determining sina, 7? 2g? 
Sine, 2530! 
Eeliptio-detiection, 17? 24'S... 
Net deflection, in arc, rq? 38 
do. in digits, 11493 च. 


The mode of <“ % lication of these quantities in making a proje jection 
of an eclipse is sufficiently explained in the notes to the sixth chapter, 
and illustrated by the figure there given, which is adapted to the condi- 
tions of the eclipse here calculated, All the quantities entering into the 
projection, however, of which the value has been stated in minutes, re- 
2 also to be reduced to digits, according to a scale determined by the 
ollowing process. 

xX. 9 etermine the scale of projection of the disks and latitudes 
iv. 20). 

This process we will perform only for the moment of opposition, or 

for the middle of the ne At this time, as has heen seen م عي‎ ie 











have 
Moon's hali-day, 64167 
, do, hoor-angle (nefa), 1017 
do, altitede in time (unmata), 4455? 
add 6416 x 3 पञ्चक 
the sum is 23,743? 
divide by [य 6416p 





the quotient is 3.7 
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in i rojection, given in connection with the sixth chapter, we were 
oblig 0 it somewhat, in order to make it perceptible. 

2. For the beginning of the eclipse, / i ५ 

As, owing to the moon's motion in latitude and longitude, her decli- 
nation, and so also her ascensional difference, are not precisely the same 
at the beginning and end of the eclipse as at the moment of opposition, 
we onght in strictness to न the firet part of ere receding ealcula- 
tion, (क anew the len ६ of the moon's ay, as it would 
be if she made her whole revolution about the earth with those declina- 
tions respectively. This we take the liberty of ere to do, as the 
modification thus introduced into the process would be of very small im- 


portance. 
a. To find the moon's corrected hour-angle. 








And first, for the sun’s hour-angle 
Timo of first contact, reckoned from aunrise, 398 517 4p, or 11.83 
deduct the whole day, छपर 
remain 3.0.38 
deduct from the half-night, | 02352 
Sun's distance in time from inferior meridian 3,597? 


This, then, is the hour-angle of the centre of the shadow at the time 
of contact. The distance of the centre of the moon in longitade from 
that of the 0 was found above (under VIII) to be 81. 36". ‘This 
is reduced to ita value in right ascension by the proportion 

GiP.4‏ :"35 "61 : : وقوجر :”ممق 





Now, then, 
from the hour-angle of the shadow, 35 प 
deduct the difference of the moon's right ascension, 647 
Moon's bour-angle at beginning of eclipse, 35368 
This is virtually an application of the process ६९२ dst Fht in 17. 50. 
The moon's hour-angle is now corrected, as by the proportion 


6416p go? : : 3436p : dg? 36° 
The sine of 49° 36° is 2617". 
b. To find the deflection for latitude. 
The proportion 
438"; 3158" +: 361" : phd حت‎ win 387 34 
gives us the deflection for latitude as 28° 34’, which is north, as before. 
€ To find the ecliptic-deflection, | 


Moon's distance from vernal equinox at opposition, 4» 16° “ود‎ 
deduct motion during عق‎ उक्र 3, | 1° 6 
do, ee فك‎ 159 5“ 
add a quadrant, 39 
re 715° 15’ 
arc determining sine, 45° 15 


alae, a4qiu?" 
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0. To find the honr-angle, and the corrected hour-angle. ` : 
At the moment of opposition, the moon's hour-angle is evidently the 
same with that of the sun. Hence it may be found as follows: ` 


Time of opposition reckoned from sunrise, 3+5 31°, عه‎ 13, 506p 
deduct the whole day, ` ` _ पः 
remains 1 ”* 
deduct from the half-night, 6235p 

Sun's distance in time from inferior meridian, , ~ गदर 


The moon's distance eastward from the upper meridian is accordingly 
19417. This is corrected, or لمعه لعش‎ to its proportional value as a part 
of the moon's are of revolution from the horizon to the meridian, by the 
following proportion: 

G4iGp : go? :: 1921: 355 57° 
The moon's corrected hour-angle, then, is 26° 57’ : its sine is 15577’. 

€, To determine the amount of deflection for latitude (valandagdés, عه‎ 
dksha valona—iv. 24), 5 

The sine of the lntitude of Washington, 382 54', is 2158’. Hence 
the proportion | 

3438": 1557" - : 3158" £ प्री अ 605317 
ives us 16° 31“ as the value of the quantity sought. The moon being 
¢ the eastern hemisphere, it is to be reckoned as north in direction. 

To determine the amount of deflection for ccliptie-deviation (dyana‏ .ل 


valana—iv, 25). 
Moon's distance from vernal equinox, क 1०.31४ 
वर्त्‌ 8 باأسستهطو‎ | : p 
their sam, om 169 311 
are determining sine, 46° a4! 
sine, 24६6" 


+ 


Hence, by ii. 28, the proportion 
3438" : 1397! : : 24867 ; toro’ च्या 17° GF 
gives us 17° 6’ as the amount of declination of the point of the ecliptis 
which is a quadrant in advance of the moon, and this is the deflection 
required. Its direction is south. We are now ready for the final process. 
بع‎ To ascertain the net amount of deflection (alana), in digits. 


From the eeliptic-defiection, 7? 6/8 
deduct the deflection for latitude, 16° 31° N, 
remains the net deflection, in are, 5° 8 
divide (iv. 25) by छ 
Deflection in digits, of! 5© 8, 


1 روج‎ : that, at the moment of opposition, the part of the 

ecliptic in which the moon is situated very nearly coincides in direction 

wilh an اع‎ and west circle, The amount of deflection is so mmall that 
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aye Bt roper calculation of the eclipse is now ود‎ pga If, however, 
we desire to project it, we have still to determine the ralana, or deflec- 
tion of the ecliptic from an east and west line, for. its peat pag toe 
as also the scale of pred jection. We will therefore proceed to calculate 
them, deferring to the end of the whole process any comparison of the 
results we have obtained with those given by modern astronomical 
science, 

EX. To caleulate the deflection of the ecliptic from an east and west 
line (nalana) for the middle, beginning, and end of the eclipse. 
1. For the middle of the cclipse., = 
a To. find the length of the moon's day and night respectively at the 








Moon's longitude at opposition, i ॐ a8? 56“ 
Precession, 30° 24" 
Moon's distance from vernal equinox, 4 16° a1" 
Are determining sine, 435 35’ 
Kine, 23721 

(न declination is then found by the following proportion 
(11. 28): : 
438" : rags" :: 3379" : 964’ == 9 16° 1“ 
Now, from 
Moon's ل‎ mA 165 उन" Ny, 
deduct her latitude (ii, 68}, 16° 8. 
Moon's true daelination, 169 4° N, 
Sine of do. 5.46" 
Versed sine of مك‎ 5“ 
deduct from radius (iL 60), 3438" 
Moon's day-radins, २३०३ 


Again, to find the earth-sine, we say (ii. 61), 
: nad: “قبي : : قلي‎ : 765° = earth-sine, 
and to find the ascensional difference (ii, 61-62), 
००": 34387 : : 255“ : 796" sin 13° af or Bod’, 

The excess of the moon's complete revolution over a sidereal da y is found 
by the proportion (ii. 59) 1 (ॐ ९ 
15000 : वत : : 'وشة‎ 33," : इव 

Adding this to a sidereal day, عه‎ 21,6008, we find that the moon's any 
is of 23,4487, of which one quarter ‘js 7 नयः and dimini 
this by the moon's ascensional difference (ii. 62), and the half-day and 
half-mght are found to be 6416p and 4808? respectively, 

All this Isborious process of ascertaining the length of the moon's 
half-day, or the time which, with the given declination, she would oc- 
cup ॐ rising from the horizon to the meridian, is rendered ROCESSATY 
by he correction which the सु le ول‎ to the mule of the text 
in which the moon's hour-angle is involved, as pointed out-in the note 
to iv. 24-25 (p. 284, above). We now proceed | 





iv] ०८१८७. ne 
Farther, 

To and from moon's long. at opposition, ॐ 355567 ॐ a5? 567 

add and subtract motion during half-duration, 29 5/ جيل‎ 


Moon's long. at end and beginning of eclipse, 3 كدوم‎ ऊपर 
From and to long. of node at opposition, Ge 229 , ¢ oe 31 rf ¥ قود‎ 27 31 


subtract and add motion during half-duration, 14“ 14.“ 
Long: of node at end and beginning of eclipse, प जर कछ 
Moon's distance from node, من‎ +> 34’ © 3० 33" 

Are determining sine 4० 34° a? 33" 
Sine + ras! 
Moon's latitude at end and beginning of eclipse, aa! 8ت‎ ni’ 148. 


From these valuations of the latitude we now proceed to calculate 
anew, in the same manner as before, the half-durations, as follows : 


Square of half-cum of diameters, 341 919" 
dednét squares of latitude, 463! 126! 
remain, 3456" 37 

Square foots of remainders, 5B! لجل‎ Gr? 35" 

And the proportions 
+ 58" 47": dn "قد‎ 3p 


cap ae oe [क 3९०५ : 4० »هذ‎ ap 

give كن‎ the corrected values of the intervals between opposition and con- 
tact and separation respectively, or the former and latter half-durations, 
as 4" 39" 2P and 45 26" ॐ, 

The text contemplates the repetition of this corrective process, if still 

greater accuracy be required in the results attained : we hare not thought 
at worth while to carry the calculation any farther, as a second correc- 
tion would be of mes ther insignificant amount. | : 


_ By a like process, the former and latter half-times of total obscura- 
1 re: the moon's latitude at immersion and emergence, are found to 
as follows: 


Moon's latitude at immersion andemergence, 1.4’ 36" 1B’ 13“ 


Half-times of total obscuration, 13 4373p 19 “ود‎ Ap 
By adding the two halves we obtain 
Duration of the eclipse (sthiti), — go Sv 4p 
do, of total obscuration (rimarda), كن‎ 1397 1 


And by subtracting and adding the half-times of duration and of 
total obscuration from and to the time of = (iv, 16-17), we 
phases of the eclipse : 


obtain the following scheme for the successive 
First contact, 500 23+ دق‎ 320 Srv dp 
af eclipse, 950 कत op 370 317 op 
Emergence 560 Jay 4p 3ga ov Ap 


Last contact, Sgn उग्र ॐ 41" 57" ॐ 
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` This is a most ae result for the ८५ =; calenlation to Eee d; 
for, in point of fact, the ec nat + in question is only a partial ial one, obseur- 
ing about four-fifths of the diameter of the لمتكم‎ disk, The source of 
the error lies mainly in the misplacement, relatively to the sun and moon, 
of the moon's node, and the consequent false value found for the moon's 
latitude. The latter quantity لو ان‎ SUN at the time of opposi- 
tion, to 35" 42", or more than twice the valne ae, it by the 1194; nda 
processes. And it will be seen, on referring to the table on p. 188, that 
the relative error in the place of the moon's node, rea been accuma- 

isi ig for seven centuries, is now about 34°, and so reduces, by more 
than half, the true distance of the moon from her node. We have tried 
whether the admission of the correction of the éfja would better the re- 
sult, but that is not the case: the error-of position is still (see the table) 
nearly 2°, and the moon's latitude is inéreased only to 24" 11°, so that 
the eclipse still app pears to be total. It is evidently high time that anew 
correction of bia ¥ applied by the Hindu astronomers to their elements, 
at least to snch as enter into the calculation of eclipses. 

VILL To find the duration of the eclipse, and of total obscuration, 
and the times of contact, immersion, emergence, and separation. ف‎ 





Diameter of the eclipsing body, the shadow, go’ do" = ०” Got? 

on, eclipsed body, the moon, 34* 41“ 34 duit 

Sum and difference, 957 rr! 54" الوق‎ 

Halfscm and half-difference (CM and CN, Fig. 21,p,277), 62’ 35" ` a7" ९९०१ 
Squares of do, 391g" 7२4" 
deduct square of Intitude, af’ “وقد‎ 

Square roots of remainders (CA and CB), Bo’ 2571 a1" ig" 

2 In order to reduce these quantities to time, we need first to ascertain 


he difference of the true daily motions of the sun and moon at the 
given moment: | 


Moon's true daily motion, B54! 36? 
San's” do., Go" 4a 
Moon's gain ina day, 79) 303" نل‎ 


Hence the proportions (iv. 13) 


793" 487" ; pe 14/40 
etn , 21“ rol: 19 36" فق‎ 
give us the half-duration of the eclipse as 4" 34१, and thé half-time of 
total obscuration jem a8 1" 36" 4°, supposing the moon's latitude to remain 
constant through the whole continuance of the eclipse, We now pro- 
ceed to correct these results for the moon's motion in latitude, And 
sp st, as regards the half-duration. We calculate the amount of motion 
of the moon-and of her node during the mean half-duration by the fol- 
lowing proportions (iv. 14): 
600 ; 854! 36'' ++ 49 Bgve 7० 5 gre 
Goa: 3“ to : : go 3.4१; gt? 


حكية 
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Again, from the 
Sun's corrected diameter, G7oay.81 
dodnet the earth's diameter (tv. 4), 1600 too _ 
remains 5 م5‎ 


and this remainder, when reduced by the following proportion (iv. 5), 


G5ooy र تمل‎ : : S10a7.81 : 3753 
gives us the excess of the earth's corrected diameter (sci) over the di- 
ameter of the shadow on the moon's mean orbit. Hence, from the 





Earth's corrected diameter, 1213 
Diameter of shadow 3597.5 
divide by 15 
Diameter of shadow in are, go’ Jo’! 
VII. To determine the moon’s latitude at the middle of the eclipse, 
and the amount of greatest st obscuration. 


The proportion (i. 53) 
1,577,917,898 : 932,938 : : 1,811.81 : अवण "قد 7° و8‎ 35. 
gives us the amount of retrograde motion of the moon's node since the 
commencement of the Iron A £ Deducting from this 8 for the posi 
tion of the node at that time (note to i. 56-55), and taking the comple- 
ment toa whole circle, we have 
ight, at Ujj., ge 239 311 35“ 





Longitade of moon's node, 11014 
deduct for difference of meridian, ॥1* 37 
Longitude of moon's node, mean midnight, at Wash'n, दर 22° Jo! 14" 
deduct motion during 655 3, 7 af 5500 
Longitude of moon's node at moment of opposition, ra 3० a7! 27 
subtract from moon's longitnde (ii, 54); a 259 =€" 
Moon's distance from node, 6 38 نود‎ 
Are determining the sine (bAuja), 3° a9! 
Hence the proportion 


3438“ : apo" :: 209": 16" 35 
gives us, os the moon's latitude at the moment of opposition, 16’ 25” 8. 
Now, then, by iv. 10-11, | 


Semi-diameter of eclipsed body (34/ 41!" 2), 177 3371 
do. = of eclipsing body )90' 302 2), 48» १६८ 
deduct moon's latitude, । 16 ३९५ 
Amount of grentest obscuration (yrdsa), a6! 131 


and since this amount is greater than the diameter of the eclipsed body, 
it is evident that the eclipse is a total one. semen very 
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5, To find the time from midnight to sunrise ५ ४ 
The sun's declination جيمتعط‎ south, the ascensional. difference كذ‎ to be 

added (ii. 0 the quarter of the sun's complete day, to give the 


length of the halfnight. That is to say, 
Quarter of sun's complete day (21,6017 +4), 5415p 
Sun's ascenaional differetice, छ 
Sun's half-night, 6234p 


The interval between true midnight and true sunrise is therefore 
6,234", or 172 195, That from sunrise till noon (a quantity required in 
Inter processes) is found in like manner by subtracting the ascensional 
difference from the quarter-day: it 15 45967. 


Now then, finally, 
Time of opposition, reckoned from mean midnight, 5fa 30 
ध deduct equation of time, _ 13 
do, reckoned from true midnight, 54a So 
deduct interval til] sunrise, ry 19” 
do. reckoned from sunrise, 370 38१ 


The time at which the op — of the sun and moon in longitude 
takes os se, or the middle of the eclipse, is accordingly, by civil reckon- 
= ashington, 379 31°. 

VI. To determine the diameters of the san, moon, and shadow. 

1, To find the sun's apparent diameter. 

The sun's mean motion in a sidereal day being 58' 58", his trae mo- 
tion at the time of the eclipse being 00/ 48", and his mean diameter 
6500 yojanas, we find, by the proportion (iv. 2) 

58/58": Gol 487“ : : 65007: : 1 
that the sun covers of his meamorbit, at the time of the eclipse, 0702.81 
yojanas. This is reduced to its value upon the moon's mean orbit by 
the proportion (iv. 2) ॥ 
57753335 : 4,330,000 : : Groay.S1 : 7 
And upon dividing the reanlt, 501.97 yojanas, by 15 (iv. 3), we find the 
=; yparent diameter to be 33’ 25 व 
9. To find the moon's apparent diameter. 
Tn like manner as before, the proportion (iv. 2) 
788“ a5": 854" ॐ 2 : لافقاق‎ : 55673 
shows ननन्दा moon's corrected diameter is 520.3 yojanas. This also, 
divided by 15 (iv. 8), gives the value of the moon's apparent diameter in 


are: it is 34! 41 


8. To find the diameter of the earth's shadow, 
The following proportion (iv. 4), | 
98" 34“ ¦ B54! 361" : = 21607 + 3 
determines the value of the earth's corrected diameter (aticl) to be 1734.3 
yojanas. | 
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movable point. Of this, the part determining the sine is 68° 3“ 14. 
Then the farther proportion — 


to; 3: : 689 3" 247.6: 209 a4? ज" 
si ns 20° 24' 44" as the amount of the precession. Now, then, to 


Sun's true longitude, / هوق‎ 259 5“ 
add the ‘precession, 905 34“ 
Sun's distance from vernal equinox, 10 16° 3१ ` 


This quantity is often called séyana stirya > that is to say, “the sun's 
lon {8 ude with caring recession (ayana) added.” 
he sun is accordingly in the eleventh sign, of which the ascensional 
6 is 1705", His daily motion has been found to be 60' 49”, 
ence the proportion (ii. 59) . 

१6००“ : مكوجر‎ : : Go’ 48": एत. / 
gives us 917, or 107 17, as the excess of the sun's day over a true side- 
real day of 60 nidis: its length is accprdingly 60" 10¥ 18, or 21,6017. 

Next we desire to know how much of this day passed between mid 
night and sunrise, and for this purpose we have 

2. To find واس مط‎ ascensional difference (cara). 

To sacertain the sun's declination, and its sine and vorsed sine,‏ به 

The sun's longitude, with precession added (adyana sirya), os 765 31°" 

= determining the sine (३१9), 43° بود‎ 


a373' 
Now, then, the proportion (ii. 28) 
3438" : 1397": 2373": Gd 
gives us 064° as the eine of declination (krantijyd); the corresponding 
are (1. 33) is 16° 17'S; its versed द 2) ii. fet is 189. 








b. To find the radius of the sun's कात] circle (ii. 60), 
deduct versed sine of declination, 139" 
Radius of diurnal circle (dinavydaadala, dyujyd), Fagg! 


To find the earth-sine (1. 61)‏ .ع 


The measure of the equinoctial ف‎ 5 dow at Washington is (see note to 


ii. 61-63) 04.68. Tho proportion, then, 
13: GAGS : : 64" ss तह 
shows the value of the न. (kshitijyd, kujya ) to be 778". 
4. To find the sun’s ascensional difference (ii. 61-62), 
The proportion 
Sagg! 24435! +: 778! Beal 
gives the ae of ascensional difference (carajyd), which is 811 The 
थः bi or the sun’s ascensional difference (cara, caradala), is 
13° 39", or 81909; 
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which gives us 18 vinhdis, or 54 minutes, as the valae of the equation. 
But this is assuming that the sun's motion takes place alon 1 the equator, 
instead of along the ecliptic, which is so grossly and palpably errontous 
that we wonder how the Hindus could have tolerated a process which 
implied ناز‎ ` Their own methods furnish the means of making 9 vastly 
more correct determination of the equation in question. The mean lon- 
gitude of the sun at the given midnight is—after adding to it the amount 
of the precession, as determined farther on—10* 14° 7’: hence, if the 
sun were 10° 14° 7/ distant upon the equator from the vernal equinox, 
or if be had that amount of right ascension, mean and true midnight | 
would coincide. But he is actually at 10" 15° 25° of koe If, 
then, we ascertain what point on the ba er will pass the meridian at 
the same time with that point of the 4) its distance from the sun's 
mean place in right ascension will he igen rector wong | 
This ney be pte lished as follows. The sun isin the eleventt “ 
of which the equivalent in right ascension (iL 42-45) is 1795? 
distance from its commencement is 15° 26, or 925’, Hence the pro- 


portion (1. 46 
tae Cae 1800" = لحتو : “كدي :: فكوجر‎ 
gives us 0220 as the ascensional equivalent of the A pat of the eleventh 
sign traversed by the sun (bAwktdsavas). Now add together the 
_Asvensional equivalents of three quadrants, 16,2000 
do, 7 of the tenth sign, 19357 
da, of tbe part of the eleventh sign traversed, 220 
their surn is 19,097? 


Which is equal to 105 17° 37"; this, then, is the sun's true right ascen- 
sion. The difference between it and his mean right ascension, 10* 14° 7’, 
is 3° 30’, of which the equivalent in sidereal time is 210? or 35%, or 14 
= 9 This, which is more than two and a half times as much as 
a ne formerly found for the equation, is que nearly correct ; its 
ny ~ for Feb. 6th being given by the Nautical Almanac as 

५३ 

There is not, among all the ع‎ tau gnb int in the Sirya-Siddhénta, 
another one رد هاه‎ ata ng ling a character os this, while the 
means نيما‎ so ready at hand for making it tolerably exact. 

In 9.89 ing on to calculate the local time of the eclipse, we shall adopt 
the valuation of the equation of time Bs iven by the Hindu method, or 
139, but we shall reserve the distance of the phases of the eclipse from 
midnight, free from this constant error of about 10", for final compari- 
son with the like data given by our modern tables. 

To find the local time, we must firet ascertain (ii. 59) the length of 
the enn’s day, from midnight to midnight, and in order to this we need 
to know in what sign the sun is. Hence we require 

1, To determine the amount of precession for the given date. 

_ By iii. 9-12, the proportion 

1,977,917,008 : Goorev : 2 Sir g8rd > orew Ba 85 “د‎ 141. 


gives us 246° 2° 147,6 us the part of a revolution accomplished by the 





0 4 


a4? 36"‏ هي 
a ] 1” 30°‏ 
gp 35° ॐ‏ 

ॐ 37° “وو‎ 
roa 139 4a’ 
= इ © abt 

56 359 هل > 

By the same process as before, the trae motions of the two ‘planets 
at the moment of opposition are found to be: 

Sun's true motion, Ge! الوق‎ 
Moon'a १०, 854! 36" 

It would have been better to adopt, as the epee a of our cal- 
culations, the mean midnight following, instead of that preceding, the 
opposition of the sun and moon, because in that اليد‎ 6 interval to 
t he moment of opposition being so much less, it might have been found 
by a single process, not boss squiring farther correction. The same change 
would have enabled us to follow strictly the rule given in ii, 66 for find- 
ing the end of pies ey ; which rule we were obliged above ine 
ए ly in a somewhat modified form, because a little more than one who lo 

unar day was found to intervene between the given midnight and the 
moment of opposition, ; 

#. To determine the instant of local time corresponding to the mid-: 
dle of the eclipse. 

What we have thus far found is the interval between mean midnight 
and the moment of opposition. But since Hindu time is practically 
reckoned from true sunrise to true sunrise, we have now, in order to de- 
termine at what time the eclipse will take place, to ascertain the inter 
val between mean midnight and true sunrise. 

In order to this, we require first to know the equation of time, or the 
difference between mean midnight and true or apparent midnight, which 
is the moment when the sun actually erossea the inferior meridian, As 
+ concerns this correction, we have deviated somewhat from the method 
contemplated by the text. It is there [य (ii. 40) । that, so soon 
85 the sun’s equation of the centre has been determin + there shonld 
at once be calculated from it, and. applied to the longitude of the two 
planets, 4 correction rs Mies + in terms of their motion, the equation 
of time; so that the distance of the moment of opposition from mean 





midnight does not directly enter into account at all, We have preferred 
to follow the course we have taken, in order to bring out and illustrate 
more fully the utter inadequacy of sie rescribed method of making al- 
lowanee for the equation of time, to which we have already briefly re- 
ferred in the note to ii. 46, The method in question is vi uy ns fol- 
lows: the sun being found at the given midnight to be 1° 18", or 78’, 
in advance of his mean place, the equation of time may be ascertained 
by this pro eee tion: as a whole cee to ॐ sidereal day, so is the sun's 

uation of place to the time by which his true transit will precede or 
3 low his mean transit; or, in th é present case, + 

31,600": Gos : : 98! ; هو‎ 13* 
४01. TI. 59 
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$. To find the sun's true rate of motion (ii. 48-49): 


Sun's mean motion in 60 nddis, 58° 55°" 
Sine of sun's mean anomaly aaa’ 
Difference of sines, ey 
Daily increase of sine of anomaly,  । > a Se 
Equation of motion, + "او‎ 
add to अप्र 3 mean motion, ag 58" 58" 
4. To find the moon's true rate of motion (ii, 47-49): _ 
Moon's menn motion 60 nddis, “ققد‎ 9११ 
deduct motion of apsis (ii, 47), 6" go"? 
Daily increase of moon's mean anomaly, 73" 45“ 
Sine of moon's mean anomaly, 1637! 
Difference of sines, 6 oy" 
٠ Daily increase of sine of anomaly, 7 ^ 35“ 
0 Equation of motion, > 61“ “نلق‎ 
add to moon's mean motion, 968! 257 
Moon's troe motion, 84" 33" 


TV. To find the interval between the given instant of midnight and 
the end of the halfmonth, or the moment of opposition in longitude of 
the sun and moon, which is the middle of the eclipac. 

At the instant of mean midnight preceding full moon, we have found 
the trac longitudes of the sun and moon, and their distance in longitude, 


td be as follows: 
Bun's troe longitude, gas? of 
Moon's do., 39 199 54? 
Distance in longitude, @ 135 6 
Hence we seo that the moon has still 12° 0° to gain apn eae: the sun. We 
have gage found their true rates of motion, and the nce of those 
rates, to be as follows: 
Moon's trae motion, ` Bg’ 7 
Sun's do., 60" 48१ 
Moon's daily gain, “88! أو‎ 


ष Now we make the व if the moon in 60 nidis gains upon 
he sun 788" 45", in how many nidis will she gain her present distance 
in longitude from the sun? or | 

| 788! 45" : 0: “تود ب‎ 5 599 13 Op 
Tt thus appears that the time of opposition is 55" 13" 57 after mean 
midnight of Feb. 5-6. This result, 1 equires correction, for 
the moon's motion has become sensibly ع‎ during so long an 
interval, and we find, upon enleulation, that she is then 2! past the point 
of opposition. A repetition of the wee rocess shows that it is neces- 


. ४ to deduct 10° 3 from the time stated. Then, at 55° 4° after mean 


midnight, we have os follows: 


iv.] Siirya-Siddhinta, 485 
The place of the sun's apsis remains عن‎ already found for Jan, lat 
(note to ii. 39) : 
Longitude of sun's apsis, dary? “جز‎ 34" 


In pp! ying here the correction for difference of meridian, as well as 
in all other processes of the whole calculation into which the amounts 
of motion of the स lanets ete. during fractions of a day enter as clemenis, 
we have derived 8 amounts from the motions during a sidereal day, 
and not, as in the illustrative processes of our notes, during a mean so- 
lar day. The divisions of the day given in the text (i, 11-12) are dis- 
tinctly stated to be those of sidereal time, and all the rules of the treat- 
ise are constructed accordingly (see, for instance, ii. 50). It is evident, 
then, that in making any छ in which is involved the amount of 
motion during 60 ndidis, that amount ia to be regarded as the motion 
during a sidereal day only. In overlooking in our notes the difference 
between the two, we have followed the example of all the illustrations of 
Hindu methods of calculation known to us. The difference is, Indeed, 
in a Hindu process, of very small account; but we have preferred, in 
ane this calculation, to follow what we conceive to be the exacter 
nethod. The mean motions during a sidereal day of the bodies con- 
cerned in a lunar eclipse are as follows : 


Sun, 5a! 58० agree sarees 
Moon, 138 8” 547" 317 316 
0ل‎ मृ 6८ 36/1597" 4 
Muon's node, 3" po"? 3/11 agree 


111. To find the true longitudes and motions of the san and moon? 
1. To find the sun's true longitude (note to ii, 39} : 





Longitude of scn’s apais, نجع قور فخ‎ 3.4?" 
deduct sun's mean longitude (ii, 29), نب‎ 238 43 gr 
Sun's mean anomaly (लार), فق‎ 335 354 31^" 
Are determining the sine (fAuje—ii. 80}, 36? 44° 
Sine of sun's mean anomaly “hhwjejyad), s0do" 
Corrected epicycie (ii 35), 13° "48" 
Equation (b4ujajydphala—ii 39), ^ 4 yo 38 
Sun's true longitude, 56و قو‎ oF 
2. To find the moon's true longitude (note to ii. 39)} : 
Longitude of moon's apais 709 135 45° 5.1 
deduct moon's moan longitade, هخ‎ 155 [द of? 
Moon's mean anomaly, Gi 85د‎ 26 fg? 
Are determining the sine, 38° تنجو‎ 
Sine of moon's mean anomaly, 1637" 
Corrected epicyele, 3१० ॐ” 
Equation, == 380 न 
deduet from وتمممحة‎ mean longitude, ॐ 759 19’ 


Moon's trne longitnde, ॐ 135 5a? 


£34 E. Burgess, ete., liv. 


in his first valuable article in the Asiatic Researches (ii, 273 etc.), has 
also furnished a calenlation of a lunar ecli he , a8 made by native astron- 
omers, comparing their results, obtained by several different methods, 
with the actual elements of the eclipse, as given by the Nautical Alma- 
nac. As it seemed desirable to give a like practical illustration of the 
Hinda methods of calculation, in connection with this fuller exposition 
of their foundation and penning + and by way of an additional test of the 
aceuracy of the results which the system is in condition to furnish, we 
have selected for the pure se the partial ae of the moon which oc- 
curred on the evening of Feb. 6th, 1860.. Our. calculations are made 
according to the elements of our text alone, without adding, like Davis, 
the correction of the bija, since our object is to illustrate the text itself, 
and not the modern system as altered fromrit. The course of the suo- 
cessive steps of our processes may not everywhere strictly accord with 
that which would be pursued by a native astronomer, as we take the 
rales of the text and apply them according to our own conception of 


। their connection. | 
We omit the preliminary tentative Oe ocesses, and conceive ourselves 
to have ascertained that, at the time of full moon in the month Magha, 


3 4061 (see page 174), or samvat 1917 (seo add, note 12), the moon 


I. To find the sum of days (ahargana, dinardgi) for mean midnight 
next preceding full moon, 7 ظ‎ 
The sixth day of February, 1860, being the day of full moon ( pérai- 
^ the fifteenth day of the first, or light, half of the Iunar month 
ighs, the eleventh month of the year, as is shown by the table on 
page 174. The time, then, for which we are to find the sum of days, is 
— 105 144, reckoning (1. 56) only from the commencement of the 
Age. For this period the sum of days, as found by the processes 
already sufficiently illustrated in the notes to i 48-51, is 1,811,991 days. 
11. To find the mean longitude of the sun and moon, and of the 
7007 8 apsis. 
The proportions (i. 53) 
4,320,000: वप्ता ga 939 pz’ ३/4 
1977.90 7,898: 1,811,981 ::4 575 36 :66,3a0rer ॐ 9” 44. 19" 
458,203; 56.ter ge 73? gat 17 
give Us—rejecting whole revolutions, and deducting 3" from the motion 
of the moon's apsia, for its position at the epoch (see note to i, 66-5 5}- 
the mean longitudes required. These are for the time of mean midnight 
at Ujjayini: to fin them for mean midnight at Washington, which is 
distant "peasy eg 16117.38, upon a parallel of latitude 3036275 in 
circumference (note to i. 63-65), we add to the position of each + 
or ,42453 of its mean motion during a sidereal day. This correction is 
styled the depdnfaraphala, We have, then, | 


Long. at Ujay. Correction, Lang. af Wash‘g. 
Son, a3? 0 । # + as" of? = من‎ 535 43 are 
Moon, त هذ‎ स 44/19" ~ 5० 34 30 = 3 159 Joh उ+ 
Moon's म = पठा 130 43" 1 > Sot” = 3०० 130 Garey? 


=" Cee ie AD te “سبيت‎ 


Sirya-Siddhdnia. 433 





| the declinations of the sun and moon are equal (xi. 6), the pre- 
cession is distinct] सथ ree ordered to be calculated, and in terms which con- 
tain an evident reference to those in which the fact of the precession is 
here stated. The exception, however, is one which goes to prove, rather 
than overthrow, the general role: the process in which we are for once - 
favored with explicit directions upon tbe poi int in question is the one of 
all others in the work the most trivial, and the chapter which contains it 
furnishes, as pointed out by us in the hotes, good reason to snspect late 
alterations and interpolations, We do not, then, regand the statement 
made in our note as panting ماع‎ be either retracted or serionsly لمهم‎ 
fied. Nor do we, although fully appreciating Fa difficulty of assuming 
that the original elaborators of the general Hindu system can-have been 
ignorant of, or ignored, the-precession, regret the force and distinctness 
with which we have stated the circumstances which appear to favor that 


with’: th e subject which is strange, and demands explanation: and that 
can only be satisfactorily given when there shall have been attained a 
more thorough comprehension of the early history and the varying fornis 
of the science in India. 

21. p. 258. The commentary hei sode styles the sine of altitude 
mahdsanku, “great gnomon,” to distinguish it from the panku, © gno- 
mon, 


22. :م‎ 275. Our statement that the Sirya-Siddhanta employs only 
the term graha to designate the planets requires 9 slight modification. 
Th one instance (ii. 69) they are called ‘hacdrin, and in one other (ix. 9 
‘hacara, both words signifying “moving in the ether” (see xii. 93, 81). 

22. 7, 282. This use of the 4.00 tcl, “ east, east point,” appears 
Ke be taken from the ge aioe of 0 as directed 5 be drawn in 
the six pter us, in the fi there given (Fig. ~ 27, p. 301), 
EM and ب‎ re goalie the directions of the न्ष oa sae. with 
reference to one another at the moment of first contact, and E and v 
are the on a पाड (वैत) of those lines res pectively: the are Ep, or 
the “interval of the two east-pointa,” is the measuro of the angle which 
the two lines make with one anokher at the riven time, 


ote 285. Ae Promised above, wo present here, by way of appén- 
dix to tho fourth ehapter of oar tramlatinn and note,a ^ भ 


CALCULATION, AccoRDING to THE Data معد‎ Metiops or THe Simra- 
StppHAnta, oy tae Luan Ecurse op Fenevanr छ, 1860, 
POR THE LATITUDE AXD LONGITUDE OF عجو جسفن‎ 

Bailly, in his work on the Hindu satronomy (कृ, 5 etc.), presents 
several calculations tgs eclipses 3 Hindu methods, namely of the Innar 
ecli 9 of July 20th, 1730, of the lunar “he of June 17th, 1704, and 
of the solar eclipse of Nov. 20th, 1704. 1 ut, owing to his Imperfect 
comprehension of the character and meaning of many of २५९, ४ rocesses, 
and owing to his incessant use of Hindu terms in the most barbarous 
ees without explanations, his intended illustrations ‘are only 
with difficulty intelligible, and are exceedingly irksome to study. Daria, 


482 لق‎ Burgess, etc, [४. 65- 
19. p.236. Our su Gestion ion of 8 अप derivation of the term कषद 


from the “sum” of thelongitudes of the sun and moon. is unquestion- 
ably erroneous, That term is to be understood here in the sense of 
“junction, conjunction,” and the conception upon which is founded its 
plication to the periods in question is that of s conjunction (yoga) of 
the moon with the twenty-seven asterisma (nakshatra) in their order, or 
her snecessive continuance in their respective portions, Only the sys- 
tem’ is divorced from any actual connection with the asterisms ; for while 
the latter are stellar Bro oups, having fixed boon in the heavens, uy 
are here treated as if the twenty-seven-fold division of the coup tie found- 
‘ed upon them had no natural limits, but. was to be reckoned from the 
actual position of the sun at any given moment. 
_ According to Warren (Kaila Sankalita, p. 74), the names of the twenty- 
seven yorus, 08 given by प on page 236, are also applied by the Hin- 


dus to the junction-stars ( frd) of the asterisms "lene the omission, 
of course, of Abhijit): for which eee notes to the eighth chapter, 


न we do पा फते noticed elsewhere; possibly the usage is a "Tooal 
‘one only. | 
__ Of the twenty-eight yogas of the other system, to which the Sirya- 





Siddhinta makes no reference, the names are given by Colebrooke as 

r, Ananda. १०, Modgarn. 19. Biddhi, 

3. Eidladanda, ११. Chattra, 26, Qubha 

3. Dhimra, 13, Mijirn, at. Amrta, 

4. Prajipati, 13. Minna, 32. Musala, 

+, Sdumya, 14, Padma, 24, Gada, 

6, Dhriinksha, 5. Lambaka. 24. Mitanga, 
7. Dhraja, - 16, (वैक, 35, Réksbnaa, 
8, ع‎ 17. Mrtyu. 26, Cara. 

9. Vajra, 18. Kina. 27. Sthira, 

38, Pravardha. 


_ Colebrooke says farther: = The foregoing list is extracted from the 
Ratnamali of Cripati. He adds the rule by which the yogas are reg- 
00 On a Sunday, the nakshatras answer to the yogas in their 
abel nese vip 4 ما‎ Ananda, Bharani to Kaladanda, ete. But, 
on 8 woncay, the first yoga (Ananda) corresponds to Mryaciras. the 
second to + ता and so أ‎ On / Tuesday, the sakshatra which 
answers to the first hs is AcleshA+ on Mckee pai ? Hasta; on Thurs. 
we teen on ay; Uttura-Ashidhi: and on Saturday, Cata- 
bhishaj. 

This is by no means a clear and sufficient explanation of the charac- 
ter and use of the system, yet we seem to see distinctly from it that this, 
no leas than the other system, is cut off from any actual connection with 
the twenty-eight asteriama, since the snecession of the 1 १० क Thade to 
Lee upon 0 of the week, while the week stands in no constant 

nd definable relation to the motion of the moon. 

20. p.246. In stating that the Sarya-SiddhAnta furnished no hint of 
the precession exceptin g ja this passage, we failed to notice that in one 
other place, namely in connection with the rules for finding the time 


क إن‎ क a SS 


that it would have been tested thronghout by actual trial; while, if it 

been arrived at in the manner above explained, an application of it 
to the first few members only of the series might more easily have been 
accepted as a suflicient test of its correctness. 

edt 203. We are not sore that the name bAuja may not origin- 
ally nd properly belong rather to the arc than to its chord or sine. It 
comes from a root bhuj, “ bend,” and signifies primarily “a bend, curve,” 
being applied also to designate the arm on account of the latter's ५१३ 
pleness or flexibility. The word &xi also most frequently means “ the 
end or hornof a bow.” We mig ht, then, look upon the relations of the 
are (dhanus, edpa, kirmuka) and its (५ and appurtenances rohit 
The whole are taken into account is (ल =: , 203( 0 165 : of this, BRC 
15 the bAwja, Site ५ per, while BQO and CS are its two kotis 
or horns: BC is the chord or bow-string (yyd ete.), or, more distinct. 
ively, the bhujajyas which name, by substitution for jydérdAa, is also ap- 
plied to either of its halves, BH or HC: BF or CL is in like manner 
the kotijyd; RH, finally, the versed sine, is the “arrow” (para, ishe) ; 
by this name it is often known in other treatises, although not once so 
styled in this Siddhints. If this view he correct, the terms diwa and 
koti as applied to the base and perpendicular of a right-angled triangle, 
are given them on account of their relation to one another as sine and 
cosine, while the re onyms of bhuja, namely bAw and dos, areemployed 
on secount only of their agreement with it in the sic signification “ arm," 
and not in that whieh gives it its true application. For koti the treatise 
affords no synonyms, 

WY. .م‎ 207. M. Delambro, in his History of Ancient Astronomy (i. 
452 ध has subjected to a detailed examination the rules of the Sirya- 
Siddhanta for the calculation of the equations of the centre for the sun 
and moon, has reduced them to a igh 6 formula, and has calculated for 
each degree of A a: the values of the equations, comparing them 
with those furnished by the Hindu tables, as reported by Davis (As. Res, 
ii. 255-256). M. Biot has more recently, in the Journal des Savants 
for 1559 (p. 84 ete.), tuken oP the same subject anew, especially point- 
ing out, and illustrating by figures and calculations, the error of the 
Hindus in assuming the variation of the equation to be the same in all 
the four quadrants of mean revolution, 

ES. .م‎ 220. Neither Delambre nor Biot (both ऋ above cited), nor 
any other western savant who has treated of the Hinda astronomy, has 
found any means of accounting for the variation of dimensions of the 

pa Pa ran In its present form and extent, indeed, it seema to 
defy explanation; we can only 00 that it may be an onintelli- 
gent and rensonless extension to all the planets, and to both classes of 
-epicyeles, of a correction originally devised and applied only in one or 
two special cases. According to Colebrooke (As. Res. xii. 295 ete; 
Essays, ii. 400 ete,), there क among the different Hindu an- 
thorities upon this point, Aryabhatta agrees with the Sirya-SiddhAnts 
throughout; Brah Sa ee upta and Bhiskara make the epicveles only of 
Venus and Mars variable; Muni¢vara, in the Siddhan ta-Shrvabhinma, 
regards all the epicycles as invariable. 





430 E. Burgess, ete., * fii. 27- 


In explaining how the Hindus may have arrived at their empirical 
rule, as {५4 down in verses 15 and 16, for the development of the series 
of sines, we have also, as mentioned in our note, followed the guidance 
of Delambre. Prof. Newton, however, is of opinion that the mle in 
question was probably obtained by direct geometrical demonstration, in 
some such method as the following, which is much more in accordance 
with the mathematical processes exhibited or implied in other parts of 
the Sirya-Siddhinta, — 

In the quadrant AB (Fig. 34), let B F, BD, and BE be three ares, of 

Fig. 34 which each exceeds its predecessor 
ie oy by the equal increment D F or DE; 
and let F m, Di, and E& be their 
sines, increasing by the unequal चि 
ferences Dh and Eg. Now as ED 
and DF are small arcs (they are 
shown in the ae Ire of three times 
the proportional length of the arcs 
of difference of the Hindu table), 
EDg and DFA may be regarded as 
ayn trian 8० and the angles made 
9 CD at D as right angles: hence 
the angles 1513 م‎ and © 17 are equal, 
the trangles EDy and CDi are 
similar, and ED:Eg::C D: Cl; or 
i | Eg=EDCi—CD. In like man- 
١ ner, DA=ED.Cm—CD. There- 
fore 120 - 84 == £ 1.17 7; and Eg, which is the amount by 
on Ek exceeds Di, equals DD 9 Dim—CD). But, by simi- 
arity of the triangles ©0121 and DFA, FA, or im, equals ED.D خ]‎ 
cD; 84 hence 2 0.1 --- 0] = (ए 7--0 79) 7९ or )813- 
CD)? DE Now when ED equals 225“ and CD $438, ED=—CD= 
2 ४, ori त्र). ence =D DA— ny ich नि [ए 
lent to the Hinda rule. + rie Dh. whin د‎ 
_ When we wrote the note to the passage of the text relating to the 
eines, We assumed that the rule as there stated would give the series of 
sines, having found upon trial that it held good for the first few terms of 
the 50116. But, it having been pointed out to us by Prof. Newton that 
the adoption of yy asthe value of ED+C D could not but lead to 
palpably erroneous results, we carried our calculations farther, and found 
that only five of the ines following the first one can he deduced from 
it 7 the processes prescribed ; that with the seventh sine begins 8 dis- 
co dance be tween the table and the result of calculation by the rule, 
which १. و‎ On increasing to the end, where it amounts’ to as much’ as 
fe the value obtained for radius. 
is untoward circumstance, which may be regarded as a trait hichly 
characteristic of 8 Hindu astronomical न مس‎ to us rather to 
favor the opinion that the rule is the result of construction and demon- 
stration, and not empirically deduced from # consideration of the actnal 
second differences. In the Intter case we should more naturally suppose 
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Table of Hindu Sines, with ال‎ 
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= ff if i f i F J f | 
© 0 || ॐ 208 ءا‎ 
4 हठ | Joofi.ay 3) 3ج‎ 

A 41 
| 3 ॐ | 1 | 1.000 || 3 | 4 | १.९४ 
3 189 | لد‎ 350 
3 45 | 335 ااختحتد|‎ 33 45 5 

4 | 239.93 | a.g9 || 34 

ककन =  |3। 2.987 | 36 

6 | 394० |4 | 3५93 

7 | فجوع | 5| 4913 | 7 

730) 449 [----|| ॐ ॐ | 

8 478.60 fe | 38 

Ba | 3و‎ 

9. eee |३ [२.5 | ॐ 

9 | 597 |4| 3.947 | 

it 656.20 | 5 | 4.933 || 4! 

11 15| Got el 15 


1.947 جد | 714.80 13 
2.920 | 3 | مو 3ب 13 
3-893 | 4 | 831.60 14 
| 1 933 16 
ry | 1004.67) 3| 7‏ 


8 | 1062 |4| 3.83 
re 5| 4778 





18 45) 1105 45 |: 
19 | 1119 

36 11-5 

अ | 1991 

1287 | كه 

39 30) 1315 do 
23 १३.43.33 | 1 | 1 

>| 1397 | 4ه 

35 1451.67 

30 | 1०56 3 5 


SLPS 2 2 5 5 28 5 2 5 2‏ عم ع ب ववत‏ 





174) April 4th, 1859, ऋत تعفد‎ March ,4م22‎ 1860. The years of this 
era are called and quoted as sampateara years, or, by abbreviation, sim- 


ply samvat. १ | 

1%. p.183. M. Vivien de St. Martin (in Julien’s Mémoires de Hiouen- 
Thsang, ii. 255) و‎ ag ses the value of the /i in use in China during the 
ا‎ न y to have been about 320 metres, or 1080 English feet, 


This would make the values of the three kinds Co Sa mentioned by 
the Buddhist traveller to be 83, 64, and 34 English miles respectively. 
14. p. 188, In the first table upon this pages we have, by an over- 





sight, given the earth's heliocentric longitude, instead of the sun's 8९०. 
‘ears longiade itude. ‘To the sun’s place as stated, accordingly, should be 


M. Biot (Journal des Savants, 1859, p. 400) sugarests that‏ .190 قلقي 
the Hindus, like Sheen tegnins, obtained their sites directly from the‏ 
chords of Hipparchus or Ptolemy. This may not be an altogether im-‏ 





“possible supposition, but it is at least an unnecessary one, for they cer- 
اممف عد‎ eee mometry enough, at the time of the elaboration of their 


8४६ | system, to construct their table independently. Our notes 
have presented Delambre's view of the method of its construction and 
the reason of its limitation to arcs which are multiples of 3°45’. We 
‘cannot bat feel, however, upon maturer consideration, that the correct- 
ness of that view is very questionable; that the Hindus could probably 
have made out a more complete table if they had chosen to do so; and 
that a sufficient reason is found for their selection of the are of 8° 45“ 
Zn the fact that it is a natural subdivision of a recognized unit, the arc of 
80°, while the series of twent “sgh sines Was sufficiently full and aceu- 
tate for their uses. We have been at the pains to calculate the complete 
series Of Hindu sines from Ptolemy's table of chords, assuming the value 
of radins to be 3438, in order to test the question whether there were 
Big سو اه‎ of errors between them which should m prove the one 
to be derived from the other: our results are as follows, In five of the 
instances (the 14th, 15th, 19th, 22nd, and 28rd sines of the table) in 
Which the value of the Hindu sine exceeds the trath, Ptolemy supports 
the error; in tho other three cases (the 16th, 17th, and 18th sines), 
Ptolemy affords the correet value; to the 6th sine, alao, which by the 
Hindus is made too small, Ptolemy's table gives its true value, but the 
next following sine he makes too great (namely 1520.59, which would 
give 1521, instead of 1520); this is his only independent error. The 
evidence yielded by the comparison my be regarded as not altogether 
unequivocal. 
For the benefit of any who may desire to make practical use of the 
ف مداو‎ rate conducted according to the processes of the 
ca tr rya-ciddnlnta, we give, npon the opposite pag ve, amore detailed table 
of them Done been presented ‘hitherto, with such vets of differences 
annexed as will enable the calculator readily to find the sine of any 
given are, or the reverse, without resorting to the laborious proportions 
by which So text enn Intes that they should in each case be deter- 
و‎ Such a table we have ourselves found highly useful, and even 
almost ispensable, in connection with our own ealculations, 





7. 


Str च 


(3 


calculating the e of the planets: ‘not being, however, altogether 
confident of our correct understanding and interpretation of those rules, 





1. 48.] 






















Positions of the Apsides and Nodes of the Planets. । 
| द. |, त | Ptolemy. |Ditterence.| 
| (४. Ptolemy. |Difference. 
Al paides ; 8" व (स) 

| इणः, नूत 36 | 55 3o 45 | 
Mercury, > 360 | هود‎ | + 39 36 
Venps, 79. % | 55 0 0 +34 do 
Mars, | 339 5 | 115 ॐ | 41d 3: 
Jupiter, | 171 18 | 6: © | +10 16 
Saturn | 2ॐ5 ॐ | 233 ० |+ 3 ॐ 

॥ | |‏ : انيت ال 

Mercury, 20 يك‎ | 15 ० | #00 نك‎ 
Venu, «| 49 | 559 0 | + 4 + 
Mars, fo 4 | 35 ॐ | +14 34 
Jupiter, 79. di 56 © | +38 اك‎ 

| Satur, | 109 25 | 183 १ roo 35 | 163 ه‎ | = 83 38 | 

It will be perceived that the differences here are not so great as to ex- 


_ elnde 00 osition of a connected वथ in. Wedo not जातत be- 
~ Hewe that the Hindus were ever sufficienth skilled in observation, or in 
the discussion of the results of observation, to be able to derive such 
data for themselves, or even intelligently to modify and (0 rove them, 
when obtained from other sources, In order, however, fully to under- 
stand the relation of the Hindu to the Greek science in this part, we re- 
quire to know, first, what were the positions assigned tothe apsides and 
nodes by Greek astronomers prior to Ptolemy, and secondly, what were 
their actual positions at the periods in question. Upon the first point 
no information appears to have been handed down to our times; and as 
regards the other, we have not found any modern determination of the 
desired data, and are not ourselves at present in a situation to undertake 
مه‎ intricate and laborious a calculation, : 

12. p.173. The era of the kali yuge, or Iron Age, is not in prac- 
tical use among the Hindus of the present day: two others, of a less 
remote date, are ordinarily न्‌ ed by them in the giving of dates. 
These are styled the eras of (alivé and of VikramAditya respect- 
ively, from two sovereigns so named: their origin and historical १ 7119- 
cance are matters of much doubt and controversy. The years of the 
era of Vilivdhana are, according to Warren (Kila Sankalita, .م‎ 381 and 
elsewhere), solar years: their reckoning commences after the lapse of 
3119 complete years of the Iron Age, or early in April, A.D, 78; the 
1782nd year, accordingly, eoinc gies اد‎ g with the 4961st of the Iron Age, 
commenced, a5 is shown by the tables Me 174, April 12th, 1859, and 
ended April 11th, 1880. The years of this era ae gen generally cited as 
gaka or #لقع‎ tte In the other era, the luni-solar rang followed 
Warren, as above, بم‎ 391 and elsewhere); and its first year began with 
the 3045th of the Iron Age, , or early in 58 B.C. : its 1962nd year, coin- 
ciding with the 498134 of the remoter era, commenced (see table on p, 


that the correctness of the former number is avouched by its occurrence 
in other treatises. It is highly characteristic of Bentley, that be hna 
thus arbitrarily amended one of the data upon which Le rests the most 
important of his Een veral conclusions, a conclusion which, but for such 
emendation, would be not a little weakened or modified. Any one can 
see for himself, upon referring to our table given on page 188, with how 
much plansibility Bentley is able to deduce, from the dates of its fourth 
colnomn, the year A.D. 1091 as that of the composition of the Sirya- 
Siddhinta. We have been solicitous to allow Bentley all the credit we . 
possibly could for hia labors She te oon the Hinda astronomy, but we cannot 
avoid “heres / here our settled conviction that, as an सो upon 
the subject, he belly y more to be trusted than Bailly himself, that his 
work must be used with the extremest cantion, and that his determina- 
tion of the successive epochs in the history of astronomical science in 
Tndia is from beginning to end utterly worthless. # 
9. p. 187. We have not 0181160 our promise to recor in the eighth 
ehapter to the euliject of the sun's error of position, because we felt our- 
selves incompetent.to cast at ary any valuable lirht upon it. Noth- 
ing but a carefol and thorongh sifting and comparison of all the earliest 
treatises, together with the traditions preserved by the commentators, 
and the practical methods of construction of the calendar, is likely to 
setile the question as to the manner in which the elements of the plan- 








etary orbits were originally made up, 


40. p.168. In making out our comparative table of sidereal revolu- 
tions, we have calculated the column for Ptolemy as we conceive that 
he would himself have calculated it, had he been called upon to do so, 
M. Biot, having in view an object different from ours, has carefully re- 
vised Ptolemy's processes “ his Traité Elémentaire d'Astronomie 


१११०५) لمن عمسن‎ ४. 87-71), and has deduced from the latter's original 


data wi si ea as the true times of sidereal revolution of the pri- 
mary planets furnished by them; his Re iods are accordingly slightly 
different from those presented in our table, ey 
Colebrooke (As. Res., xii, 246; Essa be 1. 412) has also given a com- 
ive table of the daily motions of the planets, but has committed in 
it the gross error of setting side by side the sidereal rates of motion of 
the Hindu text-books and the tropical rates of Ptolemy and Lalande. 
Of course, his data being incommensurable, the conclusions he draws 
from their comparison are erroncons, 


11 عر‎ 171. We add, in the followi ing ten table, a comparison of the po- 
sitions of the apsides and nodes of the p 95. stated in our treatise— 
being those which are adopted, with unimportant variations, by all the 
schools of Hindu astronomy—with those laid down by Ptolemy in his 
st fe miaxis. The [पटा we give as stated i Sab Ptolemy for his ritial pote 

bout reducing them to their value in distances from the initial 1 
of the Hindu sphere. The actual distance of لو‎ oint, or of the 
vernal equinor of A.D), 500, from the vernal equinox of Ptolemy's time, 
cients 54°. We should romark also that Ptolemy does not state 
expressly and distinctly the ए of the nodes: we derive them from 
the rules given by him, in chapter of his thirteenth Book, for 
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is in fact of astronomical origin, being arrived at by retrospective calcu- 
lation of the لس‎ anetary motions, we can hardly avoid the conclusion that 
the system which presents it in its true character is the more anctent 
and original, This conclusion is strengthened by the notice taken of 
the epoch by the SiddhAnta-Ciromani and its kindred treatises, We do 
not see how their treatment of it is to be explained, re Boe upon the 
pe ke that a general co भ at that time was already so firmly 

ished as a fandamental dogma of the Hindu astronomy, that they 
were compelled; even while rejecting the theory of brief cycles and re- 
curring an ae to pay it homage by #0 constructing their elements 
that these should exhibit at least a very near approach to a conjunction 
atthe moment. We are clearly of opmion, therefore, that, ih rt. from 
all consideration of the relative age of the separate treatises, the system 
represented by the Sirya-SiddhAnta is the more ancient. 


Mean Places of the Planets, 6 ०८ A.M. at Ujjayint, Feb. 18th, B. C.3102. 
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7. .م‎ 184 We present in the annexed table, in the same form as 
above cre 5), the elements of the mean motions of the planets as cor- 
rected by the bia. 


Mean Motions of the Planets, as corrected by the bija. 


अ) Planet. | ब ee pl 3 Mean daily motion. Mean yessly motion. | 








Mercury, gr. 5جمقادورن‎ 









` | د14735.338 


م १707147‏ م ويد 3 Venus,‏ 

Jupiter, A 921. 1 251277 प" 14०30 1,9.98 ह | 
Saturn, | ०,564.81 71753 | 13०3135 43,972.946 
Moon's apais, 210323152 400.97519 


“ node, | فوجبة‎ 25256845 | 
४. ما‎ At the time when we wrote our note, we had not observed 


that Bentley explains, in a note to Bago AAV: O8 Bisa wens 

this apparent error, In the case of Macury, since the number of revo- 
Jutions as stated by the text of our treatise did not yield him the result 
which he desired, he has quietly taken the liberty of altering it from 
17,937,080 to 17,937,024, assuming, os his justification, an error of the 


वद्वि 
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the amount of mean motion, in seconds, during a day, and also during 
a Julian year, of 365} mean solar days. | 
Mean Motions of the Planets. 
leg च | ऋ wale 
365.25875648 3.548.16956 | 
S7.969702208 | 14733344 | 
924.69856755 | 53793 
4,332.32005335 399.1468 
10,705.77307461 120.381 51 
ग7.33107416 | 47,434.86773 
29-53055799 | 44,866.69817 
node, 67 प 31 31 19०74533 





6. .م‎ 161. The system of the Sirya-Siddhinta, so far هم‎ concerns 
the mean motions of the planets, the date of the last general conjunc- 
tion, and tog quency of its recurrence, is also that of the Cakalya- 
Sanhitd. It is likewise presented, according to Bentley (Hind. Astr., p. 
116), by the Soma and Vasishtha Siddhintas. So far as can be gath- 
ered from the elements of the Paulica and Laghu-Arya Siddbantas, as 
reported by Colebrooke and Bentley, these treatises, too, followed a simi- 
Inr system ; the revolutions of the planets in an Age, as stated by them, 
where they differ from those of the pets a-Siddhinta, always differ by a 
number which is multiple of four. Some of the astronomical text- 
books, however, have constructed their systems in a somewhat different 
manner. Thus the عدي‎ nt ادوس ات‎ following the authority of 

Brahmagupta and of the earlier Brahma-Siddhénta, makes the planets 
commence their motions together at the star ( Piscium at the very com- 
mencement of the “Eon, and return to a general conjunction at the same 
ig only after the lapse of the whole nd छत्‌ of 4,320,000,000 years. = 

he same is the case with the Arya and عمعشةط‎ Siddhintas: they too, 
as reported by Bentley pis Hind. Astr., pp, 148, 150), state the revolutions 
of the planets for the whole on only, and in numbers which hare no 
common divisor, so that they assume no briefer cycle of conjunction. 

Bat they all, at the same time, take special notice of the commence- 
ment of the Iron Age, which they make to begin at the moment of mean 
sunrise at Lanki, and manage to effect ८ nearly a general conjunc- 
tion at the time of its occurrence, as is own by the table at the end 
of this note, in which are presented the positions of all the planets, and 
of the moon's apeis and node, as stated by them for that moment. 

_ We insert these data here, because they seem to us to furnish ground 
for important conclusions respecting the comparative antiquity of the 
two systems, The commencement of the Iron Age, which to the one 
is of cardinal importance as nn astronomical epoch, is to the other 
won Natalee ap era, haying no astronomical signi ificance, Now 
if, كه‎ has been shown in our notes to be altogether probable, that epoch 





३५] 
divdkara, “ day-maker” ; and tigméngu and tiksindngu, “having hot or 


The ot ke besides her ordinary names tndu, candra, vidhu, is styled 
nicdkara, “night-maker"; mtpdpati, “lord of night"; anushnagu, plfa- 
qu, ciidneu, gitadidhiti, himaragmi, Aimdngu, himadidhiti, * having cool 
rays”; and مترمم‎ and ,متشيمع‎ “marked with a hare” : the त fancy 
sees the figure of this animal in the spots on the moon's disk. The 
name soma nowhere directly occurs, but it is implied in the title sdumya 
given to Mercury. Pie | 

Mereary is sty led jaa and budha, “wise, knowing”; also (करत and 
séumya, “son of the moon.” The reason of neither appellation is ob- 
vious, It will be seen below that the moon, the sun, an d the earth have 
each of them one of the lesser planets assigned to it a5 its son: wh 
Mereury, Saturn, and Mars were selected, and on what grounds thet 
ا‎ parentage was given them, श hitherto entirely unknown. 

us has one name, cukra, “ brilliant,” which is derived from her 
actual character: she is also known as b&pgu, which is the name of one 
of the most noted of the ancient sages, or as Girguwa or bAdrgara, 
“son of Bh को ५ | 
Mars has likewise a single 1 | 1, ^ “coal,” which is 





‘given him on account of eens fiery burning light; all his other titles, 


ल kuja, bhiiputra, bhiimiputra bhisuta, bhdume, mark him as “son 
the earth. 

Jupiter is known as brAaspati, which is, 85 already more than once 
noticed, the name of a क I sy sat and teacher among the 
gods; the word means originally lord < i worship.” bya? gx lanet also 
receives some of his tithes, namely guru, ^ preceptor,” amare ya, 
“teacher of the immortals.” The only other name given to it, بتار‎ 
“living,” is of doubtful origin. 

Saturn has two appellationa, each represented by several forms; 
namely “son of the sun,” or arkaja, drki, siryatanaya; and ~ tho slow- 
moving,” or monda, pant, pandipeara. यवकः 

All these names, it will be noticed, are of native Hindu origin, and 
have nothing to do with the appellations given by other nations to the 
planets. In the Hindu astrological writings, however, even those of ه‎ 
very early period (see Weber's Ind. Stad., ध, 4 , appear, along with 

9 


these, other titles which are evidently derived from those of th 
Greeks. 


4. p. 146. We have everywhere cited Bentley's work on Hindu 
astronom Beeson ac to the London edition of it (8vo., 1825), the only 
one to which we hnve had access. 
` 177 a few instances, where we have net rate the part of Bhiskara's 
Siddhinta-Ciromani to which we refer, the Ganithdhydya, or properly 
astronomical portion of it, is intended. | 

हि । ती For the convenience of any who may desire to make a 
more detailed examination of the elements of the mean motions of tho 
تت‎ adopted in this treatise, and to work out the results deducible 
32 m them, we present them in Be On table in a more exact form. 
We give the mean time of sidereal revolution, in mean solar days, aud 
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IV. Onr fourth class is headed by the Siddhin sti romani, written in 
the twelfth century by Bhiskara Acirya, and founded upon the Brahma- 
Siddhinta of Brahm St a 2, Our numerous references to it and cita- 
tions from it indicate the prominent and important position which it 
occupies in the modern astronomical literature of India. For a deseri 
tion of the numerous commentaries upon it, see Colebrooke's Hindu 
ay it note A (Essays, 11, 450 fo) 

The longer of the lists given above mentions two or three other 
works of yet later date. Among them the Siddhinta-Sundara is the 
most ancient, having been composed by Jifiina-rija at the beginning of 
the sixteenth century. ‘The ere hava is a treatise of the same 
class, and is hi 8 ly considered and much used throughout India, alongs 8 
omitted from the Pina list. It is of nearly the same date with the 
work last spoken of, being the composition of Ganeca, and dated sake 
1442 (A.D. 1520}. The Biddhante Tattva-Viveka, more usually styled 
the Tattva-Viveka simply, is a cen wed later: it was written by Kama- 
likara, about A.D.1620, The Siddhinta-Sarvabhduma dates from very 
nearly the same period, and is the work of Municvara, who is also the 
author of 9 commentary on the Ciromani, and the son of Ranganitha, 
the commentator on the Sarya-Siddhanta. 

- ‘This clasa of astronomical writings might be almost indefinitely ex- 
tended, but the works which have been mentioned appear to be the 
moat authoritative and important. 

Of all the treatises whose names we have cited, we know of but three 
which have as yet been published—the Sarya-Siddhinta, the Siddhinta- 
| 9 wni, and the Graha-Lé ६ va; the two latter nader the auspices of 

School-Book Society of Caleutta. Prof, Hall's edition of the Strya-‏ م 
Biddhinta, to yes reference is made in our Introductory Note, has‏ 
been completed by the addition of a fourth Fascieulus since our own‏ 
publication was commenced, so that we have been able to avuil ourselves‏ 
of its valnable nesistanee throughout.‏ 


2. p.142. Hangandtha, in the verses with which he closes his com- 
mentary, states it to have been completed on the same day with the 
birth of his son Munievara, in the aka year 1525, or A.D. 1603. For 
his relationship to other well-Enown authors or commentators of astro- 
nomical treatises, see Colebrooke's Essays, i. 452 etc. Other commenta- 
tors on the Strya-Siddhinta mentioned by Colebrooke are Nysinha, who 
wrote but a few years later than sg at ganitha, and Bhidhara and Dads 
Bhai, whose “re 18 5 stated. The Mackenzie collection (4 Wilson's 

Catalogue, , p. 118 ete.) contained commentaries on the whole or parts of 
the same text by Mallikirjuns, Yellaya, an Aryabhatts, Mammabhat 
aod Tammaya. 7 1 aia ^ 
त 2. (6 143. As no especially suitable opportunity has hitherto offered 
fe present hee al the appelaianshywhich they acts Rana 
We Sete ent he the appellations b hey are known in the text 
ofthe StryaSiddhinta سي‎ eee 

The sun is called by the following names derived signify 
ing “to shine”: arka, 11. 9 raw, tivaspant, ies Rac م‎ “tine 

y “enlivener, generator”; bAdskara, “light-maker”; dinakera and 








note] Stirya-Siddhanta, 421 


Vishnu-candr aye is said also to have Seas material in partfrom 
Arvabhatta, A copy of a Vrddba-Vasishtha-Siddhinta formed a part of 
the Mackensie Colleton (Wilson's Catalogue, 1. 121), re 

1. To the third class may be assigned the Siddhdntas of Aryabhat- 
ta, Varhha-mihira, and Brahmagupta, and the Romaka-Siddhinta, as 
well as the later version of the Vas asishtha-Siddhints, last spoken of. 
The first three names are those of greatest prominence and highest im- 
portance in the history of Hindu astronomical science, and there is 
every reason to believe that the sages who bore them lived about the 
time when the modern system may be supposed to have reorived its 
final and fully developed form, or during the fifth and sixth centuries of 
dae mn 
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1. Arya-Siddhdnia, The two principal works of क appeat 
to have been originally entitled the Aryishtacata, “work of ¢i gb t hun- 
dred verses," ‘and Dagagitiki, “work of ten cantos.” Colebrooke knew 
neither of them 0 pting by citations in other astronomical text-books 
and commentaries, Bentley had in his hands two treatises which he 
calls the Arya-SiddbAnta and the Laghu-Arya-SiddhAnta, which are poa- 
sibly identical with those above named.* The Berlin Library also con- 
व (Weber, No, 824) a work which professes to be a commentary on 


2. Vardha-Siddhania, The only distinctively astronomical work of 
Variha-mihira appears to have been his Paftca-siddhantikA, or Compen- 
dium of Five Astronomies, of which we have already spoken (note to 
i, 2-3), and which was founded upon the Brahma, Sarya, Paulica, Va- 
sishtha, and Romaka Siddbintas. It 35 तमक to be no longer in 


existence, although the astrological works of the same author have been 
लव 944 9 preserved, and are without difficulty accessible, 

3. Brahma-Siddhdnta, ‘The proper title of the work composed by 
नु upon the foundation of an earlier treatise ae this 
ares is Brahma-sphuta-Siddhinta, “corrected Brahma-SiddhAnta,” but 


the word sphuta, “ corrected,” is frequently omitted in citing it, as hes 
been our own usage in the notes to the Sirya-Siddhinta. Colebrooke 
possessed an imperfect copy of it, and it was also in pe 18 posses- 
sion. Upon it was professedly founded, in the main, the SiddhAnta-Ci- 
‘romani of Dhiskara, vir 

4. Romaka-Siddhdnfa. Of the name of this treatise, the only one 
we have thus far met with which is not derived from 0 real or ५ posed 
author, we have spoken in the note toi. 4-6, It is said by Colebrooke 
to be Oy Gah Crishena, and to have been founded in part ee the orig nal 
Vasishtha-Siddhanta ; its early date is proved by its being one of those 
trented os authorities by Variha-mihira, No copy of it seems to have 
have been discovered in later times. — 

Our list also mentions > Bhoja-SiddbAnta, probably referring to some 
astronomical work published during the reign, and under the patronage, 
Raja Bhoja Deva, of Dhara, in the tenth or, eleventh century of 

erm. 


of 
our 
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Narada, among Peres divine ot mythical personages, as an astronomical 
authority, are all the indications we find justifying the introduction of 
this name into the list of the Cabdnkal agp isms $ 

I. ne the second class we include the Girga, Vyisa, Phrigara, Plu- 
liga, ee ‘a, and Visishtha Siddhintas. Garga, Pardcara, Vylsa, 
Polastya, and Vasishtha are prominent among the sages of the ancient 
period of Hindu history: the two latter are of the number of those who 
53 ive name to the stars in Ursa Major (they are م‎ and ट ii क 

| 0 ` cannot possibly have been the veritable authors of SiddhAntas, or 
orks presenting the modern astronomical system of the Hindus: but— 
and this seems to be especially the case with 000 ard to Sy tose ya and Pari- 
cara—one and another of them may have distinguished t elves in 
connection with the older science, and # have furn 1 some grow nd 
for the part attributed to them by the later tradition, and for the father- 
ing of astronomical works upon them, 

1. Garga-Siddhdnta, Astronomical treatises and commentaries upon 
them occasionally offer citations from Garga (see, for instance, Cole 
ke's Essays, ii. 350; Sir William Jones in Ax Res., ij. 397), but of 
a Siddbinta, or text-book of astronomy, bearing his name, we find 
nowhere any mention say sr in these lists. 

2, Virtea-Siddhdata, This name, too, is known to ns only from the 
list 4 Skid as 

3. Pardcara-Siddidnta, According to Bentley, the second chapter 
of the Arya-SiddhAnta contains an extract from this work, in which are 
stated the elements of the mean motions of the planets ig مدع‎ by it. 
The work itself appears to be lost; unless, indeed, it may have been 
contained in a manuscript of the Mackenzio Collection, which in Wil- 
son's Catalogue (i. 120) is called Vriddha-Parisara,*and said to be “x 
system of atic *, attributed to Porfisara, the father of Vyiisa.” 

4. Pdulige-Siddkanta, The planetary elements of this treatise also 
are 0 In later commentaries, and are stated -by Bentley and 
Colebrooke. We have noticed above (note to i. 4—8) that al-Birdni at- 
tributes it to Paulus the Greek; whence Weber ise Lit., p. aid Torte 
shea that it was founded tpon the Ele 5 Potion of Paulus Alexandrinns. 

this account of its origin be correct, the Puliga to whom the later 
‘Hindus attribute it is a fictitious personage, whose name is manufactured 
out of Phulicn. The work, it will be seen, is not mentioned in either of 
the lists we have given, its place appearing to be taken by the Pulastya- 










Siddhinta, According to the Hindu tradition, the school represented 
by the Phulica-Siddhdnta was the rival of that of Aryabhatts, 

5. Pulestya-Siddhanta, Of this Siddhiinta we find mention only in 
such native lists as omit the preceding. Hence we are led to conjecture 
that the two names 6 indicate the same work; an attempt, founded 
upon ॥ en of the names, having been made by some to attribute 
the Paulica-Siddhinta to a known and acknowledged Hindu sage, 

Bi 6. Vasisitha-Siddhdnia. This work is spoken of as actoally in. ex- 
istence by both Colebrooke and Bentloy, and the latter states its وه‎ 
tem to correspond with that of the Stirya-Siddhanta, More than one 
treatise bearing the name is referred to, the older one being of unknown 
authorship, and the other a later compilation founded upon this, by 


note.) ` Str hanta. 419 





which is the acknowledged composition of a merely human author, 
while the other contains treatises of very heterogeneous character and 
१81४८ : and neither list distinguishes works now actually in existence from 
those which have become lost, and those of which the existence at any 
१०० is questionable, A more satisfactory account of the SiddhAnta 
ture may be drawn up from the notices contained in the writings of 
Western scholars, and especially from the various essays of Colebrooke. 
For what we shall here offer, he is our main authority, 

In the present imperfect state of our knowledge of the subject, there 
is perhaps no better method of classifying the Hindu astronomical trea- 
tises than by dividing them into four classes, ns follows: first, those 
which profess to be a revelation on the part of some superhuman being; 
second, those which are attributed to ancient and ५ न, oF to 
other fe scare impersonal authors ; third, those regarded as the 
works of actual authors, astronomers of an early and uncertain period १ 
fourth, Inter texts, of known date and authorship, and mostly of a less 
independent and original character. 

1. The first class comprises the Brahma, Strya, Soma, Brhaspati, and 
Narada SiddhAintas, 

1. Brahma-Siddhanta. The earliest treatise ane 8 this name is 
said to have formed a part of the Vishnudharmottara Purina, a work 
which seems to be long since lost, and scarcely remembered except in 
connection with the Siddhinta, The latter, too, is only known by a few 
citations in astronomical writings, and by the treatise of Brahmagupta 
(see below, third class) founded upon it. Another work laying claim to 
the same title is that which we have many times cited above as the 
a Sanhith. Sanhith, “text, comprehensive work,” is a term em- 
ployed to denote a tomplete course of astronomy, astrology, horoscopy, 
etc. : this treatise, 1 g to the manuscript in our possession, forms 
the second division (pragna) of such a course, It professes to be re- 
vealed b 1 Brahma to the semi-livine personage Narada, Of its relation 
to the Sirya-Siddhinta we have spoken above (note to viii, 10-12), It 
does not nee to be referred to as an independent work in either of 
the native lists we have given. | | । 

2. مدوم‎ १441474. This is the treatise of which the translation 
has been given above, and of which, accordingly, we do not need to 

speak here more 0 | | | 

3, .مامشط ال ق-مومة‎ Judging from its title, this work must profess 
40 its 9 gin ‘in from the mins الس دو‎ as the preceding from the 
sun (siry ولام‎ speaks of it as following in the main ग Se 
of the Sere 1 ahiate There is a manuscript of it in the Berlin 

eber's Catalogue, No. 840), and Colebrooke seems also to 
have had it in his hands. 

4. cA lenge akc re Brhaspati a the name of > divine person- 

age, priest and teacher of the gods, as also of the planet sage Jupiter. No 
work emia: Be Ith this name is mentioned, so far as we can ascertain, by any 
European scholar, although Brhaspati is not infrequently referred to in 
native writings همد‎ an authority in astronomical matters. : 

ठ. Nérada-Siddhdnta, A Na&radi-SanhitA, or course of astrology, in 
the Berlin Library (Weber, No. 862), and an occasional reference to 
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CONTAINING ADDITIONAL NOTES AND TABLES, CALCULATIONS OF 
ECLIPEES, A STELLAR MAP, Erc. 


1. p. 142. The name siddAdnfa, by which the astronomical text- 
books are a so called, has, by derivation and ori ros tre meaning, 
nothing to fo with astronomy, but signifies simply “established conelu- 
sion ;” and it is variously applied to other uses in the Sanskrit literature. 

It may not be uninteresting to present here a sommary view of the 
existing astronomical literature of the Hindus, as derived from such 
sources of information upon the su ६.५ ; 75 are accessible to us, even 
though sach a view must necessarily be २४ erfect and puss sn ete Wa 
commence we giving a list of works furnished to the translator, at his 

en by the native Professor of Mathematics in the Sanskrit College 
at Pina, and which may be taken as be coop Mona knowledge pos- 
seseod, and the © ae inions held, by the learned of Western India at the 

eet time. Along with it is offered the list of nine treatises given in 

je modern Sanskrit Encyclopedia, the Cabdakalpadruma, as entitled to 

the name of Siddhinta. The longer list was intended to be arranged 

‘chronologically; the remarks appended to the names of treatises aro 
those of its compiler. 





3. Soma-Siddhinta 





Vyiea-Siddhinta.‏ ينو 
Pardcara-Siddhinta,‏ ,10 
t1, Bboja-Siddhinta; earlier than the Ciromagi.‏ 

14. Siddbénta-Piromani; rake 1072 (AD, 1160]. 


16, Tattwa-Viveke-Siddhtnta ; in the time of the reign of Jaya Sinha, sheet ene 






धः । in the time of the reign of Jaya Sinha 
It ia obvions that these lists are uneritically constructed, and that 
क them is of a nature to yield valuable امو نود دسي‎ a 
ditiona explanations. The one is - unreasonably curt, and seems 
, founded on the principle of allowing the title of Siddhinta to po work 


1:2 Stirya-Siddhérita. 417 


21. The space of a Patriarchate (manvuntara) is styled time 
of Prajfpati: in it is no distinction of day from night. An Aon 
(kalpa) is called time of Brahma. 


It may well be said that the mode of reckoning by time of the gods 
has been al i Oxpesines the length of a day of the gods, with the 
method of its determination, has stated and dwelt upon, in almost 
identical language, over and over again (see i, 13-14; xii, 45-50, 67 
74; and the interpolated verse after xiv. 3), almost ds if it were so new 

d striking an idea os to demand and bear repeated inculcation. For 
the Patriarchate (manvantara), or period of 308,448,000 years, see 
above, i. 18: this is the only allusion to it as a unit of time which the 
treatise contains. For the fon (falpa), of 4,320,000,000 yenrs, as 
constituting a day of Brahma, see above, 1. 20. 

The remaining verses are simply the conclnsion of the treatise. 


22. Thus hath been told thee that supreme mystery, lofty and 
wonderful, sacred knowledge (brahman), most exalted, pure, 
all guilt destro 6; 

23. And the knowledge of the heaven, the stars, and 
the planets hath been exhibited: he who knoweth it thoroughly 
obtaineth in the worlds of the sum ete. an everlastin (१ ٍ 

24. With these words, taking leave of Maya, and being suit 
१ worshipped by him, the part of the sun ascended to heaven 


26. So then Maya, having personally learned from the sun 
that divine know! ed himself as having attained his 
desire, and as purified from sin 

26, Then, too, the sages (ला), learning that क ra had received 
from the sun this كام‎ drew near and surrounded him, and rey- 
erently asked the knowledge. 

27. And he graciously bestowed upon them the grand system 
of the Seen ta mysteries in the world the most wonderful, 
and equal to the Scripture (brahman) 


The 5a 1 in the form in which it is here presented, as ac 
aby tha and fixed by his commentary, contains exactly 

five h ل‎ verses, This number, of course, cannot ibly be looked 
upon as altogether accidental: no one will question Rat g the treatise has 
been intentional setae ag into its ne compass. We have often 
found occasion above to point out in ns, more or less distinet and 
unequivocal, of alterations inte सथ 19075 ; and although in some 
cases Our ¥ not prove well-founded, there can be no reason 
able doubt that the text of the treatise has und ae since its origin 
not unimportant extension and modification, Any er consideration 
of this point we reserve for the general historical summary to be pre- 














Buryess, ظ عه‎ [sive 


ference accumulates so se chp the thirteenth setting would take 
place about four degrees eastward than the first, so that, without 
some system of periodical omissions of a month, the correspondence 
between the names of the years, if applied in r + ilar suceession, and 
the asteriems in which the planet disappeared would, after a few revolu- 
tions, be pies ene dislocated and broken up. If the evele were of 
more practical consequence, or if it were contemplated as one of the 
proper subjects of 5 treatise, we might expect to find some method 
of obviating this difficulty prescribed. Warren, however, in his brief 
account of the i cle of twelve years (Kila Sankalita, .م‎ 212 ete.), states 
that he knows of no nation or tribe व ८ ing any use of it, but only finds 
it mentioned in the books. Aceording to both him and Davis (As. Res., 
fit 217 ,زعا‎ the cycle of twelve years is subordinate to that of sixty, 
the latter bein ng divided into five such cyeles, to which special names are 
गु ied, and of each of which the successive years receive in order the 

les of the solar months. The appellations of the cycles themselves 
are those which i ea belong to the years of the [पाप (ywge), or 
eee five years, by which, aa already noticed (note to i. 56-58), the 
indus appear first to have regulated time, and effected by intercala- 
tion the coincidence of the solar and lunar years: they are Samvataara, 
Parivatsara, Idivateara, Idvataara, (or Anuvatsara), and Vatsara (or 
Idyatsara, or Udravatsara). It would appear, then, either that the evcle 
of sixty years wos derived from and founded upon the ancient lnstrum, 
nee An imitation of its construction in time of the planet Jupiter, 
of which a month equals a solar year, or else that the al ready existing 
ode had been later fancifully compared with the lustrum, and subdivi- 
ted after its model into sub-cycles for years, and years for months: of 
these two suppositions we are inclined to regard the latter as decidedly 
the more probable. 

18. From vente rising of the sun, that is ealled civil (svana) 
reckoning. By that are determined the civil days (sdvana), and 
by “ee the regulation of the time of sacrifice: 

19, Likewise the removal of uncleanness from child-bearing 
etc, and the regents of days, months, and years: the mean mo- 
tion of the planets, too, is computed by civil time. 

The term sdrana we have translated “civil,” as being a convenient 
way of distinguishing this from the other kinds of time, and as being 
very properly applicable to the day as reckoned in practical use from 
हात to sunrise : in the more general sense, as denoting the mode of 

reckoning the mean motions’ of the planeta, and the regency of succes 
sive I periods, sivana corresponds to what we call “mean anlar’ time. 
The sands itself seems to As a derivative from savana, “libation,” the 
three daily savenas, or sunrise, noon, and sunset libations, bei 

~( حي by thisteckoting‏ اا 

20. The mutually opposed da 5 and night of the ere 
and demons (asura 1 which has been already explaived in ton 

of | gods, being measured by the completion of the sun's 
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As regards Viichkha and Citra, indeed, the case is clear, and we may 
also regard the rank assigned to KArttika as due to the ancient position 
of Krttiki, as-first among the lunar mansions. 


17. In Vaicikha ete. a conjunction ५ | ॥ in the dark half- 
month (न), on the fifteenth lanar day ay , determines in 
like manner the years K4rttika ete. of Jupiter, from his heliacal 
setting (asta) and rising (udaya). ऊ. 1 

We have already, in an early part of the treatise (i. 5) , made acquaint- 
ance with a cyele of the planet Jupiter, composed of sixty years; in 
this verse we have introdnuecd to our notice a second one, containing 
twelve years, or corresponding to a single sidereal revolution of the’ 
planet. The principle upon which its nomenclature is based is very evi- 
dent. Jupiter's revolution is treated as if, like that of the sun, it deter- 
mined a year, and the twelve parts, each quite nearly equalling a solar 
year (gee note to i. 55), into which it is divided, are, by the same anal- 
५ as months, and عدت ا‎ ly receive the names of the 
solar months. The appellations thus applied to the years, in their order, 
we are directed to مسي‎ the asterism (nakshatra) in which the 
planet ‘acne to be nt the time of its disappearance in the sun's rays, 
and its disengagement from them: for it would, of course, sct and rise 
heliacally twelve times in each revolution, and each time about 8 month 
later than before. The name of the year, however, will not agree with 
that of the month in which the rising and setting occur, but will be the 
opposite of it, or six nionths farther forward or backward, since the 
month is named from the asterism with which the sun is in oppesition, 
but the year of the 4 ele from that with which he is in conjunction, 
The in Which the rule of the text is stated are not altogether من‎ 
ambiguous : there is no expressed grammatical connection between the 
two halves of the verse, and we are compelled to add in our translation 
the important word “determines,” which links them together. The 
meaning, however, we take to be as follows: if, in any gen year, the 
helincal setting of oe takes place in the month Vaicdkha, then the 
asterism with which the moon ts found to be in conjunction at the end 
of that month—which will be, of course, the asterism in which the sun 
is at tog same time situated—will determine the name of the vear, which 
will be Karttika: and مد‎ on, he: year to year. The expression “in 
like manner,” in the second half of the vorse, is interpreted مد‎ im # ving 
that to the years‘of this cycle is made the same distribution of.the عق‎ 
terisms as to the months in the (भी ing passage: the second and third 
columns of the last table, then, will apply to the cycle, if we alter their 
headings respectively, from “ month” to ८: ‘ear of the ककल" and from 
“asteriems in which full moon may occur’ to “asteriams in which Ju- 
piter’s heliacal setting and rising may occur.” | 
- There ia one untoward circumstance connected with this arrangement 
which is قدا‎ taken into account by the text, and-which ar pears to op- 
che a practical difficulty to the application of its rule. The amount of 

॥ 1 0 8 motion during a solar year is not precisely one sign, but per- 
ceptibly more than that, so that the mean interval between (wo succes- 
sive heliacal settings is a littl: more than a solar month; and this dif- 






# का २ | 
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we do not know. They are—commenci cing with the first month of the 
senson Vasanta, or with that one which in the other system is called 
he toe follows : sch न Cukra, Cuci, Nabhas, Nabhasya, 
Isha, Urja, Sahas, Sahasya, Tapas, Tapasya, 1 

For the sake of a clearer understanding of the relations of the aster- 
isms, months, and seasons, we present their correspondences below in a 


Agterioms in which 





say ae fall maven may تقاععت‎ 
fen 
Vneants, 4१ raat 
سا سيدأ‎ शा ५५. 
Grishma, (May-Juoe.) 0 
ts ear 
एष्यथ, ( سنا‎ 
eon Acrint. 
कमः (Sept-Oct) } Agra, 


Davis (As. Res., iii. 218) notices that some of the ancient astrono- 
mers have divided the asterisms somewhat differently, giving to Qriivana 
the three se pte م‎ with Qravana, to Bhidrapada the three beginni ng 
ith Pirva-Bhidrapada, and to Acvina only Acvinl and Bharani, It 
seems, indeed, that the selection of the three months to which three 
ssterisms, instead of two, were assigned, must have been made somewhat 

It will be noticed that in this passage Kirttika is treated’ as the first 
of the series of months, while above (४. 10) Cicira was mentioned as the 
first season, and while in ‘sage 5 Ags note toi. 48-51) Vaichkha is 
00 ह 2५५ isis months, and Ciitra 9 lunar. Another 
name for MArgacirsha, , & + ana, Which appears to mean 
“commencement of the year.” How ‘ach significance these varia- 
tions of usage may have, and what is their reason, is not known to wa. 


भभ. 16] 11111 | 418 
three months, namely the last, the next to the last, and the fifth, 
have triple asterisms. | 


The subject, of sidereal time, يسلا‎ ugh one of prominent importance 
in the present treatise, since the subdivision of the day is regulate 
entirely by it, is here very summarily dismissed with half a verse, while 
we find appended to it in the same pussage matters with which it has 
nothing properly to do, : ae 

We १ already (note to i 48-51( had occasion to notice that the 
mouths are regarded as having received their names from the asterisms 
(nakshatra) in shite in moon became full during their continuance. 
According to Sir William Jones (As. Res., ii, 296), it is asserted by the 
Hindus *that, when their lonar year was arranged by former astrono- 
mers, the moon was at the पि] in each month on the very day when it 
entered the nakshatra, from which that month is denominated.” Wheth- 
er this assertion ia strictly true admits of much doubt, Our text does 
not imply any soch claim: it only declares that the month is to be 
ealled ॥ y the name of that asterism with which the moon is in conjunc- 
tion (yoga yee the end of the paver 1١١ this latter word might mean either 
half of a lunar month, but is evidently to be understood here, as ex- 
plained by the commentary, of the light half (ruéla poise) alone, ॐ 
that the end of the (0 . ४ (व) is equivalent to the end of 
the day of full moon (pirnimdanta), or to the moment of opposition in 
longitude. Now it is evident that, owing to the incommensurability of 
the times of revolution of the sun and moon, as also to the revolution 

५ ae full: moon is liable to occur in suecession 





of the moon's line of 
in all ए व + ४०५ at all सन of the zodiac; so that although, 
atthe time when the system of names for the months originated and 
established itself; they were doubtless strictly ae ilicuble, they would not 
long continue to be so, Instead, however, of ae compelled to alter 
continually the nomenclature of the year, we are allowed, by yerse 16, 
to calla month KaArttika in which the full of the moon takes place either 
in Krttiki or in Rohini, and so on; the twenty-seven asterism being 
esata among the twelve months as evenly as the nature of the case 
At what period these names were first introduced into nse is unknown. 

It must have been, of course, posterior to the establishment of the موده‎ 
tem of nsteristns, but it was peobally not much later, as the names are 
५ in some x the scien texts w ye contain those of the nadshatras 
selves. ependent € can har 1 suppose that they were not originall ap 
ام‎ (Pir ase to the lunar months; and certainly, ड 9 
le derivation could be found for the name of a lunar period than 





the asterism in which ‘the moon attained during its continuance ber full 
beauty id peptone Tn later times, as we have already seen (note to 
+ 45-51), पणः months are entirely dependent for their nomen- 
clature upon the solar months, according to the determination of the 

latter, oo regards their commencement and vie an hy the data and 
161 of the modern astronomical science. There has been handed 
down another ذه‎ भृ of names for the months (see Colebrooke in As. 
Res., vii, 284; Essays, i, 201), which have nothing to do with the aster 
isms; Whether they are to be regarded as more avcient than the others 
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been employed from very early times to designate the various divisions 
of the ston ae wane ५ reckoned as three, five, six, or seven ; 
but-the prevailing division, and the only one in use in later times, is that 
into six seasons, named Cicira, Vasanta, Grishma, Varsha, Qarad, and 
Hemanta, which may be represented by coo! senson, spring, summer, 
rainy season, autumn, and winter. दो begins with the month Magha, 
orabout the middle of ८. see note to 1, 48-5], and the Bayete 
given below, under vv. 15-16), and each season in succession includes 
two solar months, ' 

11. Multiply the number of minutes in the sun's measure 
(mdna) by sixty, and divide by his daily motion: a time equal 
to half the result, in क قل‎ propitious before the sun's entrance 
into a sign (sankrdnti), and likewise after it. 


The propitions influences referred to above, in verse 3, as attending 
upon the sun's entrance into a'sign, are regarded os enduring दु+: ५३ 
any part of his disk is oe n the pois of separation between the two 
signs. This time is found by the following proportion: as the sun's ac- 
tual daily motion, in minutes, is to a day, or sixty nidis, so is the meas- 
ure of his disk, in minutes, to the time which it will occdpy in passing 
the point referred to. | 

12. As the moon, setting out from the sun, moves from day te 
day eastward, that is the lunar method of reckonin 5 hae (medina) : 
a ` day (८८१) is to be regarded as corresponding to twelve 


= (4 motion, 

18. The lunar day Gale the karana, the general कः ظ‎ 
marriage, Peden | and the ए of vows, fastings, an 
1112 imag wes, are determined by lunar time. हि 

14 Of thirty lunar days is composed the lunar month, deg 
is declared to be a day and a nig ht of the Fathers: the end of 
the month and of the halfmonth (paksha) are at their mid-day 
and midnight respectively. | | । 

For the tithi, عه‎ lunar day, see above, ii. 66 : for the karana, see 
५. 67-69. For the month considered as the day of the piferas, or manes 
of the departed, see note to xii, 73-77, Manu (i. ) prononneces the 
day of the Fathers to be the dark half-month, or the fortnight from full 
moon to new moon, and their night to be the light halfmonth, or the 
fortnight from new moon to full moon. With this mode of division 
might be made to accord that stated in the latter part of verse 14, by 
rendering 4 امج‎ “between,” instead of “at the middle point :”أن‎ we 
have translated according to the directions of the commentator. : 


15, The constant revolution of the circle of asterisms (thaca- 
kra) is called  sidereal day. ‘The months are to be know by 
the names of the asterisms (nakshatra), according to the conjune- 
tion (yoga) at the end of a lunar period (parvan), 

ee lo the months Kérttika ete. > belong, as concerns the con 
jametion (samayoga), the asterisms Kritika ९१९, two by two: but 
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We have not been able to find anywhere any explanation of this cn- 
nous division of the sun's path into arcs of 86°, commencing from the 
equinox, and leaving an odd remnant of 16° at the end of 
Virgo, The commentary offers nothing whatever in elucidation of their 
character and significance. Thé epithet “of double character” (drisra- 
bidva) belongs to the four signs mentioned in verse 5 ; jodging from the 
connection in which it ia app lied to them by Vardiba-Mihira (Laghu- 
jitaka, + 8, in Weber's Indische Studien, ii. 278), it designates them 88 
either variable (cara) or fixed (sthira), in some astrological sense. The 
term sheadaritimukha is composed of shadariti, hty-six,” and mukha, 
“mouth, face, beginning.” We do nut understa meaning of the 
compound well enough to venture to translate it. 


7. In the midst of the zodiac (jhacakra) are the two equinoxes 
(vishtvat) situated upon the same diameter (samasiifraga), and 
the two solstices (ayana); these four are well known. 

8. Between these are, in each case, two entrances (sankrinti); 
from the immediateness of the entrance are to be known the two 
feet of Vishnu 

9 es ५१ ¢ entrance 1 # 0 ricorn, Auk 
months are northern progress ११५. 80 HEewl 
the beginning of Cancer, six months are his southern न 


) 

0 بج ممت اب ابم ممص aca‏ سم بسنت 10 ; 

cigira) an Test, eac 4 ugh two signs. These 
twelve, commencing with Aries, are the months: of them is 
made up the year 

The commentator explains samasiifraga, like somasiitrastha above 
(xii, 52), to mean situated at opposite extremities of the same diameter 
of the earth, or antipodal to one another 

The technical term for the sun's entrance into a sign of the zodiac is, 
as noticed already, sankrdnfi (the commentary also presents the equiva 
lent word sankramana); of these there take place two between each 
equinox and the preceding 6 following solstice, The latter half of 
verse 8 is cons oles commentator appears to understand it as 
signifying | in each quadrant, the entrance ) immediately 

ing the solstice.or equinox is styled “ Vishnu's feet.” In the ear- 

liest Hindu mythology, Vishnu is the sun, especially considered as occu- 
pying successively the three stations of the orient horizon, the meridian, 
and the occident horizon; and the three steps by which he strides 
through the sky are his only distinctive characteristic, These three 
steps, then, appear under varions forms in the later Viishnava ol- 
ogy and there is plainly some reference to them in this designation of 

sun's entrances into the signs. It would seem easiest and most nat- 
ural to recognize in the three signs intervening between each equinox 
and solstice Vishnu's three steps, and to regard the two intermediate 
entrances as the marks of his feet; this possibly be the figure in- 
tended to be conveyed by the Deane i of the 

The word réu means original literally any determined period 
time, > “season” in the most general sense of the term; but it has also 
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The former passage (i. 12-13) took سل وات‎ any solar day; in this 
امي‎ howevgr, such a division of time is istinet! Heide dim : it 
is recognized by the Siddhinta-Ciromani (GanitAdhy., ii, 8), and 
seems to be, for certain uses, generally accepted. ‘The solar day is the 
time daring which the sun traverses each successive degree of the eclip- 
tie, with his true motion, and its length accordingly varies with the rap- 
idity of his motion: three hundred and sixty such days compose the 
sidereal year. In order to determine the solar day corresponding to any 
given moment, it is, of course, only necessary to calculate, by the meth- 
ods of the second chapter, the sun's true longitude for that moment. 
Hence it is 2 matter of very little practical account: all the periods re- 
garded as determined by it may be as well derived directly from the 
sun's longitude, without, going through the form of calling its degrees 
days. It is thus with the equinoxes, solstices, and éntrances of the sun 
into a si = (senkrdnti, “ entrance upon connection with"): for the Intter, 
and for the continuance of the propitious influences which are believed 
to attend it, see below, verse 11. The shadagitimukAas form the 
subject of the next following passage 1 

The manuscript without commentary inserts hore the following verse : 
“the day and night of the gods and demons, which is determined by 
the sun's revolution through the circle of asterisms < sap and the 
number of the Golden (Arta) and other Ages, as already stated, is to 


be known.” 

4. Beginning with Libra, the न jacitimukha is at the end of 
the periods of eighty-six (shadaciti) 1 oo succession: there are 
४2 them, occurring in the signs of double character (dvisva- 


5. emery, 3 न twenty-sixth degree ae Sagittarius, at the 
twenty-second of Pisces, at the eighteenth degree of Gemini, and 
at the fourteenth of Virgo. 

_ 6. From the latter point, the sixteen days of Virgo which re- 
main are suitable for sacrifices: anything given to the Fathers. 
(pitaras) in them is ine: ; 
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CHAPTER XIV. 
OF THE DIFFERENT MODES OF RECKONING TIME. 


enumeration of the modes of measuring time, and general explan-‏ ,1-2—-: وجوه 
ation of their wees; 3, solar time; 4-6, of the periods of cichty-six days; T-11,‏ 
of points and divisions in the sun's revolution; 12-13, lonar time; 14, time of the‏ 
Pathers; 15, sidereal time; 15-16, of the montha and their asteriams; 14, of tha‏ 
twelve-year cyclo of Jupiter; 18-19, civil, or mean solar, time; 20-21, time of‏ 
the gods, Prajipati, and Brahma; 22-24, conclusion of the work.‏ 


Ac 1 measuring time (médna) are nine, namely those 
of Brahma, of the gods, of th 18 Fath ers, of Prajapati, of Fortier, 
and solar iene), civil (s@vana), Sint and sidereal time. 

2. Of four gine, des, namely solar, lunar, sidereal, and civil time, 
practical use is made among men; by that of Jupiter is to be de- 
termined the year of the cycle of sixty years; of the rest, no 
use is ever made. भ 


This chapter contains the reply of the sun's incarnation to the last of 
the 1 estions addressed to him by the original recipient of his revela- 
tion (see above, xii. 8). The word mdna, which gives it its title of md- 
nddhydya, and which we have translated “mode of measuring or reck- 
one time,” literally means simply “measure”: it is the same term 
which we have already (iv. 2-3) seen applied to designate the measured 
disks of the sun and moon. | | 


३. By solar (sdura) time PA بسحي ساني‎ 004 measure of the 
day vit ht, the shadagitimukhas, the solstice (ayana), the equi- 
nox (vishuvat), and the propitious period of the sun’s entrance 
into a sign (sankrdntr) 


The adjective sawra, which we translate “solar,” isa secondary 16- 
rivative from sitrya, “sun.” It is applied to those divisions of time 
which are dependent on and determined by the sun's actual motion 
along the ecliptic. The “day and night” measured by it are probably 
those of the gods and demons respectively; see above, xii. 48-50, The 
solar year, 95 already noticed (note to i. 12-13), is sidereal, not tropical ; 
it commences whenever the sun enters the first sign of the immovable 
ee zodiac, or when he is 10 minutes east in longitude from the 
star | ium. The solar month is the time during which he continues 
in each suocessive sign, or arc of 30°, reckoning from that pos int. The 
length of the solar year and month is subject only to an infinitesimal 
variation, due to the slow motion, of Wis 517 years, assumed for the 
sun's line of apsides (see above, i. 41-44); but it is, as has been shown 
above (note to i. 29-34, near the end), somewhat differently estimated 





by different authorities. The precise length of the solar months, as 
reckoned according to the Strya-Siddhinta, ia thus stated by Warren 
` (Kala Sankalita, p. 60): 1 
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one or two other somewhat similar machines are also cited in the com- 
mentary from the कपत Ciromani : the oo het feature worthy of 
notice which they contain is the application of the siphon, or bent tube, 
in empt ving a vessel of the water it contains. 4 

It will have been noticed that, throughout the whole of this chapter, 
the different parts or द) थ end in the middle of a verse. In the 
twenty-first verse the coincidence between the end of a passage and the 
end of a verse is re-established, but it is at the cost of such an irregular- 
ity as is nowhere else committed in the treatise: the verse is made to 
consist of three. half-glokas, instead of two, the whole chapter being 
१: allowed to contain مميو ني‎ memes of lines. apes ee cab 

very superfluous hali-verses at e begin ning 0 ف‎ न 
omission of any one of which would gate and . مال‎ 
method of restoring the regular and connected construction 4 the text. 

28. A copper vessel, with a hole in the bottom, set in a basin 
of pure water, sinks sixty times in a day and night, and is an 
accurate hemispherical instrument. 

This instrument ववन्द to have been the one most generally and fre- 
quently in use among the Hindus for the measurement of time : it is the 
only one described in the Ayin-Akbari (ii, 302). One of the common 
james forthe sixtieth part of the day, ghatl or ghatika, literally “vea- 
sel,” is evidently derived from it; the other, nddi or nddikd, “reed,” 
ecg designated in the first place, and more properly, a measure ण 
, and not of time. A verse cited in the commentary to this 
mee ge gives the form and dimensions of the vessel used: it is to be of ten 
"يمام‎ weight of copper, six aig its (angula) high, and of twice that width 
at the mouth, and is to contain sixty pafas of water: the hole in the 
bottom through which it is to fill itself is to be such as will just admit 
a gold pin four digits long, and weighing three and a third mdshas 
The description of the Ayin-Akbari does not precisely agree with this; 
and it is, indeed, sufficiently evident that an instrument intended for 
such a purpose could not be accurately constructed by Hindu workmen 
from measurements olone, but would have to be tested by comparison 
with some recognized standard, or by actual use. १३ 


_ 24. So 3180, the man-instrument (narayantra) is pood in the 
day-time, and when the sun is clear. The best determination of 
oon by means of determinations of the shadow has been ex- 
plained, | 
We have already noticed above, under verse 21, that the nara was a 
simple gnomon. ‘The explanations here referred to are, of course, those 
ete are seco in the third chapter, ظ‎ 
© مع‎ g verse of the chapter is an encouragement held out ما‎ 
ص ا مح‎ icles, |+ nent held out to 


25. He who thoroughly knows the system of the planets and 
asterisms, and the sphere, attains the world of the planets in the 





succession of births, his own possessor. 
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moment the sphere. Measure, by 9 stick, the distance of that 
extremity i eet m the د‎ of oie or of sunset : ee be the chord 
of that part of the diurnal cirele which is intercepted between the sun’s 
actual position and the point at which he rose, or will set: the value of 
the دم‎ erat arc in nidis at be ascertained by applying the stick 
to the lesser graduated cirele, The result is the time since'sunrise, of 
till sunset. ) 

The “wheel” (ca#ra) is a very simple instrument for obtaining, by 
observation, the sun's altitude and zenith-distance. It is simply a wheel, 
| थ by م‎ string, graduated to degrees, having its lowest point 
and the extremities of ita horizontal diameter distinctly marked, and 
with pt rojecting peg at the centre. When used, its edge is turned to- 
ward the sun, so that the shadow of the bee falls upon the graduated 
periphery, and the distances of the point where it meets the latter from 
the horizontal and lowest points of the wheel respectively are the 
required altitude and zenith-distunee of the sun. From nee | the 
methods of the third chapter (iii. 37-39), the time may be derived. 

The “are” (dhanws) is the lower half of the instrument just described 
—or, we may also नौ a quadrant of it; since only a quadrant is 
त making the observations for which the instrument is em- 


21. By water-instruments, the vessel hig set pila) ete., by the مقعم‎ 
ecock, man, monkey, and by stringed l-recep taclea, one may 
د يي‎ holes ithe sokda, 
22. Quicksilyer-h एद water, and cords, ropes (षद), and oil 
and water, mercury, and sand are used in these: these applica- 
‘The instruments and methods hinted at in these verses are only par- 
tially and obscurely explained by the commentator, The kapaia, * cup" 
or “homisphere,” is doubtless the instrnment which ig هونو‎ 
_ desoribed below, in verse 23. The nara, “ man,” is’ also spoken of be- 
Jow, in verse 24, and is simply a gnomvon ; it is ae one of a partic- 
ilar construction and size, and so named from having about the » eigh wht 
of as The peacock and monkey are obscure. The he “sand-vessels” 
a), which are “ provided with cords” (sasttra), are probably 
suspended instruments, of the general character of our hour-cl: r-ginsses. 4 
The commentator connects them aleo with the “neacock,” as if the 
Intter were १ gure of the bird having such a vessel in his interior, and 
le ياوه‎ eee م‎ the sand pour out of his mouth. In illustration of the = onick- 










silver-holes” (pdraddré) a passage is cited from the Siddhdnta-Ciromani 
(as above), giving the description of an instrument in which they are 


applied. It is a wheel, having on its outer edge a number of holes, of 
equal size, and at*equal distances from one another , but upon a zig-zag 
line: these holes are filled half full of mercury, and stopped at the ori- 
fice : and it is claimed that the wheel will then, if sup idee rted upon an 
axis by a couple of props, revolve of itself The appheation of this 
method may well i be styled “difficult”: if n machine so com 
structed would work, the Hindus would be entitled to the eredit of 
having solved the problem of perpetual motion. The descriptions of 
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heavens about the earth, is something so calculated to strike the minds 
of the uninitiated with wonder, that the means by which it is to be 
accomplished must not be sally explained even in this treatise, lest नव 
should become too generally known: they must be learned by ea 
pupil directly aa Bia jefe पो ee patio sie received ne YY suc- 
ve tradi from the original and superhuman source whence they 
ए It is perfect evident that such 0 eould only be made to 
revolve in a rude and imperfect way; that it should have marked time, 
and continued for any period to correspond in position with the actual 
sphere, is impossible. 
“The word which, upon the authority of the commentator, we have 
rendered “water,” in verse 16, is ampfasrdva, raed | جا حي ا‎ an im- 
mortal flow": perhaps the phrase should be translated 1 , “by 
mavaging 9 constant current of water.” 

19. . . . So also, one should construct instruments (yantra) in 
order to the ascertainment of time. age 

20. When quite alone, one should apply quicksilver to the 
wonder-causing instrament, By the gnomon (panku), staff Wasktt), 
are (dhanus), wheel (catra), instruments for taking the shadow, 
of yarious kinds, fea 

21. According to the instruction of eh عسي‎ quru), ها‎ to 
be gained a knowledge of time by the diligent. . . + 

The commentator interprets the first part of verse 20 in correspond- 
ence with the sense of the preceding passage: the application of mer- 
eury to a revolving machine, in order to give it the appearance of auto- 
matic motion, must be made privately, lest peop. بم‎ understanding the 


method too well, should cease to wonder at it. 8 instraments men- 


tioned in the latter half of the same verse are explained in the com- 
mentary simply by citations from the yantrddhydya, “ chapter of ipstru- 
ments,” of th € Siddhénta-Ciromani (Golidhy., A p. 111-136, poblished — 
edition). We will state, as briefly as may be, their character ५५५ 
The gnomon (rantu) needs no explanation : its construction and the 
method of using it have been fully exhibited in the third chapter of oor | 
treatise. The “staff-instrument” (yoshtiyantra) is described ع‎ ows. 
A circle is described upon a level surface with a radius proportioned to 
that of the sphere, or to tabular radius. Its cardinal points are ascer- 
tained, and its east and west and north and south dinmeters are drawn. 
From the former, at either extremity, is Inid off the sine of angele plitude 
(agra) ascertained by calculation for the given day : the points thus de- 
termined upon the circumference of the cirele represent the points on 
the horizon at which the sun rises and sets. Another circle, with a ra- 
dius proportioned to that of the caleulated diurnal circle of the day | 
(१५५१५) is also described about the centre of the other, and is divided 
to sixty equal parts, representing the division of the sun's dail 1 عقا أج ناعم‎ 
tion into sixty ०४415. foto a depression at the centre, the foot of a 
staff (yostti}, equal in length to the radius of the lnrger circle, is भ 
inserted. When it is desired to ascertain the time of the day, this stall 
is pointed directly toward the sun, or in such manner that it casts no 
shadow; its extremity then represents the place. of the sun at the 
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text reads “equator” (rishuvaf—E © in the figure) here for “east and 
west hour-circle” (uamendala—cC P 7 the commentator restores the 
latter, and excuses the substitution by a false translation of the latter 
half of iii, 6, miuking it mean “the éast and west hour-circle is likewise 
denominated the equinoctial circle.” । 

In verse 14, lankodayds is substifuted for the more usual term lanko- 
daydsavas (see above, iii. 49, and uote), in the sense of “ equivalents of 
the signs in right ascension,” literally, “ at Lank,” 

Having turned upward one’s own place, the circle of‏ . .= .15 ع 
ne horizon is midway of the sphere.‏ 

16, As covered with a व) and as lef uncovered, 
it is the sphere surrounded by Lokdloka. . . . 

The simple direction to turn upward one's own situation upon the 
central wooden globe which represents the earth does not, it is evident, 
contemplate any very careful or exact adjustment of the instrument. 

Verse 16 is very elliptical and obscure in its expressions, but their 
general meanin a plain, and is that which is attributed to them by the 
commentator, ep ope r elevation having been given to the pole of 
the sphere, a circle is by some means or other to be fixed about its 
Midst, or ५ nally distant from its zenith and nadir, to represent, the 
horizon. Then the part below is to be encased in ع‎ cloth covering, the 
upper hemisphere alone being left open. As thus arranged, the sphere 
is, 95 च Were, girt about by the LokAloka mountains. LokAloks is, 35 We 
have seen above (note to xii. 82-44), the name of the pees mountain- 
range which, in the Puranic الع ا‎ is made the bound 5 y of the 
universe: it is a pparen set ५० use it separates the world (/ok) 
from the oat plans keer) + gra a Puranie Mera the new 
astronomical geography makes the axisand poles of the earth, so out of 
these mountains it = the visible horizon, 

The “ wonder-working fabric of the terrestrial and stellar sphere” is 
now fully constructed, and only requires farther, in order to its comple- 
tion as an edifying and instructive illustration of the relations of the 
heavens to the earth, to be set in motion about its fixed axis, 


10. ~ . . By the application of water is made ascertainment of 
the revolution of time. 

117. One may construct a sphere-instrument combined with 
quicksilver: this is a mystery; a plainly described, it would be 
generall (क in the world. = 

18. Therefore let the supreme sphere be constructed according 
to the instruction of the preceptor (0 Tn each successiy 
age 9 , this construction, having lost, is, by the Sun's 
= Payor, again revealed to some one or other, at his 


Here we have another silly mystification of a simple and pyre पकः 
tively insignificant matter, tik 8 that alread 4 noticed at the end of the 
sixth chapter. The revolution of the machine of which the construc- 
tion has now been explained, in imitation of the actual motion of the 
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(madhya) and the horizon (tshitija) 15 styled the day-measure 

15. And the sine of the sun’s ascensional difference pantera 
is to be recognized as the interval between the equator (vishuvat) 
and the horizon. ... 0 


These verses contain an unnecessary and fragmentary, a8 also > con- 
fused and blundering, definition of the positions upon the sphere of # 


. few मः g¢ the points and lines which have been used in the calculations 


of the earlier parts of the treatise. We are unwilling to believe that 
5-7 passage is anything but a late interpolation, made by an awkward 

md. For the point of the ecliptic termed lagna, or that one which is 
at any giver moment passing the eastern horizon, or rising, see ii, 46— 
48, and note upon that passage. The like point at the western horizon, 
which the commentator here calls asfalagna, “lagna of setting,” and 


which the text directa os to find “ina corresponding manner,” has never 


been named or taken into account an १ in the treatise; we have 
geen above (as for instance, in ix. 4—5) that all {4 rocesses into which 
distance in ascension enters as an element are rred for calculation 
from the occident to the orient horizon. For madAyalagna, the point 
of the ecliptic situated upon the meridian, sce above, iii. 49 and note. 
Although we have ordinarily translated the term by “ meridian ecliptic- 
point,” this being a convenient and exact definition of the point actually 
referred to, we do not regard the word madiya, ول‎ in it, a8 mean- 
ing “meridian” in the sense 7 which it is used in modern astronomy, 
namely the great circle passing through the observer's zenith and the 
north and south points of his horizon. For it deserves to be noted that 
the text has no distinctive name for the meridian, and nowhere makes 
any reference to it as a circle on the sphere: it will be seen just below 
that, while the position of the horizon is defined, the meridian is not 
الع‎ lated as a circle of sufficient consequence to require to be rep- 
reset 5 the illustrative armillary sphere, The commentator not 
very infrequently has occasion to speak of the meridian, and styles it 
yomyottaravrtta, “south and north circle,” or érdhraydmyottararriia, 
“uppermost south anid north circle.” In the latter half of verse 14, 
where we have translated madhya by “ meridian,” it would have beon 
more exact to say “mid-heaven,” or “the sun at. the middle of his visi- 
ble revelution,” or “the sun when at the point called madhyalagna.” 
For the “day-mensure” (anfyd), see above, iii, 34-36. Its definition 
given here is as bad as it could well be: He passing over the fact that 
€ line 4 hestion is not properly a sine, and moreover that the text 
does not tell us in which of the numberless possible directions it is to be 
drawn from the meridian to the horizon, the line which it is attempted 
to describe is not the one which the treatise व ards as the anfyé, but 
the correspondent of the latter in the small circle described by the sun. 
That is to say, the text here substitutes the line DA in Fig. 8, above 
(p- 282), for the line EG. A similar blunder is made in defining the 
sine of the sun's ascensional difference اي‎ the line AB in the 
evar pe pam which is the ^ earth-sine” (kujyd, kehitijyd), is taken, in- 
stead of its equivalent in terms of a great circle, CG. Moreover, the 


or at the intersection of the colure with the third parallel of the‏ بعحسامة 
sun's declination, on either side of the equator.‏ 

We are next taught how to fix in its proper position the hoop which 
is to represent the ecliptic. 


10... . From the place of the equinox, with the exact num- 
ber of degrees, as proportioned to the whole circle, 

11. pia ie oblique chords, the spaces (kshetra) of Aries and 
the rest; and so likewise another hoop, running obliquely from _ 
solatice (धा) to solstice, | 

12. And called the circle of declination (kritnti): upon that 
the sun constant! पक giving light: the moon and the other 
Pp ० also, b sone own nodes, which are situated in the eclip- 


tic (ape a), | 

15. Being drawn away from it, are beheld at the limit of their 
removal in latitude (vitshepa) from the corresponding point of 
declination, . . . 

Instead of simply directing that a circle or hoop, of the same dimen- 
sions as those of 2 equator and colures, be constructed to represent the 
ecliptic, and then attached to the others at the equinoxes and solstices, 
the text regards it as necessary to fix, ope n the six diurnal circlea of 
the sun of which the construction and adjustment were tanght above, 
in verses 5-8, the points of division of all the twelve signs, before 
the ecliptic hoop can be added to the instrament. In the compound 
tiryagjyd, in verse 11, which we have rendered © oblique chords," we 

` conceive jyd to have its own more proper meaning of “chord,” instead of 
that of “sine,” which, by substitution for yyardha (see note to ii. 15-27, 
near the end), it has hitherto uniformly borne. 3 £ are to ascertain by 
* caleulation the measure of the chord of 30°, to reduce it to the seale of 
dimensions ailopted for the other great circles of the instrament, and 
then, commencing from either equinox, to lay it off, in an oblique direc- 
tion, to the successive diurnal artes northward and southward, thus 
fixing the positions upon them of the initial and final points of the 
twelve signs; and through all these points the ecliptic ए is to be 

Tt does not भ pear that separate hoops for the orbits of the other 
planets, attached to the ecliptic at their respective nodes, are to be ad- 
ded to the instrument. | 

In verse i2 we have a name for the ecliptic, apamendala, which does 
not occur elsewhere in the treatise, The word might be eg trans- 
lated “off-circle,” and regarded as designating the circle which deviates 
in direction from the neighboring equator: but it is more probably an 
abbreviation for apekramamendala, which would mean, like the ordinary 
terms Ardatimondala, kréntivrite, + circle of declination,” 


18. . . . The orient ecliptic-point (/agna) is that at the orient 
Horizon; the occident es (astam@achat) is similarly determined, 
14. The has Soh ecliptic-point (madhyama) is as calculated by 
the equivalents in right ascension (lankedayés), for mid-heaven 
(khamadhya) above. The sine which is between the meridian 
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sum at the end of Aries and at the beginning of Virgo, one for the sun 
at the end of Tanrns and at the beginning of Leo, and one for the sun 
at the end of Gemini and the beginning of Cancer, or at the solstice: 
also, in the southern hemisphere, three others د نيت‎ nding to these, 
The dimensions of which they must be made are to be determined by 
their several radii (* which are called day-radii—see above, ii. 60), as 
ascertained by calenlation and reduced to the same scale Spon which the 
colures and equator were constructed. They ore then to be attached to 
the two general sn ए rting hoops, or colures, each at its proper distance 
from the equator; this distance is ascertained by calculating the deeli- 
nation of ५ ho sum when at pal yoints in question, and is determined 
2 2 instrument by the graduation of the two supporting hoops. 
| od agra is in the text called that for declination [कतौ and 
416 (ewkshepa): it will be remembered that, according to Hindu 
nsage, the latter means distance from the ecliptic as measured upon a 
diicle of declination. 2 بوه‎ 


8. . . . Those likewise of the asterisms (३1) situated in the 





southern ae < hemispheres, of Abhijit, 
9. Of the Seven Sages (saplarshayas), of Agastya, of Brahma 
शट, are to be fixed. . . $ = | 


If the orders ire in these verses معد‎ to be strictly followed, our instra- 
ment must now be burdened with forty-two additional circles of diurnal 
revolution, namely those of the twenty-seven junction-stars (yoqatdrd) 
of the ssterisms and of that of स peta is here especially men- 
tioned, as not being always ranked among the asterisms (see above, 
p- 952 etc.}—those of the seven other fixed stars of which ur sitions 
were stated in the eighth chapter (vv. 10-12 and 20-21), and also those 
of the Seven Sages, or the conspicuous stars in Ursa Major (see end of 
the Inst note to the eighth chapter), Such impracticable directions, 
however, cannot but inspire the suspicion that the instrument may never 
have been constructed except upon paper. . 

8. . . . Just in the midst of all, the equinoctial (vdishuvart) ` 
क: 15 fixed. = ١ ४. 
_ 10 Above the points of intersection of that and the support- 
ing hoops are the two solstices (ayana) and the two equinoxes 


(visual)... , 


_ We have already noticed (note to iii. 6) that the celestial equator de- 
rives its name from the eq 1110 ९8 through which it passes, It seems a 
little strange that दु of the hoop representing it to the two 
supporting hoops, which we should naturally regard as the first step in 
ah construction of the instrument, is-here assumed to be deferred until 
after all the other circles of declination are fixed in their pluces. 

The word translated 0 (Grdiram) in verse 10 requires to be 
mndérstood ree rh Ar waahan senses, a8 is pointed out by the com- 
mentator, to make the definitions of position of the solstices and of the 
Sane ent correct: the latter are sitnated precisely at the intersco- 
oe 5 the equinoctial coltire with the equator; the former at a distance 
of 24° above and below the intersection of the equator with the other 
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instruments of western nations: but, on the other hand, it may possi- 
bly admit also of being regarded as an independent Hindu device. 

_$.... Having fashioned an earth-globe of wood, of the de- 
sired size, | | 

4. Fix a staff, passing through the midst of it and protruding 
at either side, for Meru; and likewise a couple of sustaining 
hoops (takshd), and the equinoctial hoop; : 

` 6 These are,to be made with graduated divisions (angula) o 
degrees of the circle (Liagana). . = . 

The fixing of a solid globe of wood, pe nting the earth, in the 
midst of this instrument, is of itself enough to render gl ticable its 
application to كرح اد‎ ses Of astronomical observation. For Meru, 0 
axis and poles of the earth, see verse 4ة‎ of the preceding chapter. We 
are not informed of what relative size the globe and the encompassing 
hoops are to be made; probably their relation is to be such that the 
globe will be a small one, contained within an amplé sphere. The two 
“supporting hoops,” to which are to be attached all the numerous ५ ١ 
allels of declination hereafter described, are, of course, to be fastened to 
the axis at right angles to one another, and to represent the equinoctial 
and solstitial colures. The commentary directly. prescribes this, and the 
text also assumes it in a later passage (v. 10). — 

Colebrooke, following the guidance of the commentators, treats the 
former half of verse 5 as belonging to the following passage, instead of 
the preceding. It can, however, admit of no reasonable question that 
the connection as established in our translation is the true one: jt is de- 
manded by the natural construction of the verses, and also yields a de- 
cidedly preferable sense. | 

5... . + Farther—by means of the several day-radii, as adapted 
to the scale established for those other circles, ` 

¢. And by means of the degrees of declination and latitude 
braces marked off upon ‘the latter—at their own د‎ ipective 

¢ त in declination, according to the declination of Aries 
९0. three 

7. Hoops are to be prepared and fastened: these answer also 
inversely for Cancer etc. In the same manner, three for Libra 
رماع‎ answering also inversely for Capricorn ظ عات‎ 

8. And situated in the southern hemisphere, are to be made 
and fastened to the two hoop-supporters..,. ` 


The grammatical construction of this passage js excessively cambrous 
and intricate, and we can hardly hope that the version which we have 
given of it will be clearly understood without farther explanations. Its 
meaning, however, is free from ambiguity, 2 € have thus far only three 
of the circles out of which our instrument is to be constructed, namely 
those intended to represent the two colures and the equator: we are 
next to add hoops for the diurnal circles described by the sun when at 
the points of connection between the different signs of the zodiac. Of 
these there will be, of course, three north of the equator, one for the . 
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We have already remarked above ects to. xii, 1-0) that ay bs = 
of this chapter is one respecting which no inquiries were aildressed at 
the beginning of the precedi Cae by the recipient to the commu- 
7167105 of the revelation, and that the cha pier accordingly wears in some 
measure the aspect of an interpolation, It comes in here ५५ : 
a means of illustrating to the pupil the mutual relations of the 6 
and the heavens as explained in the last chapter—and yet not precisely 
aa there explained ; for it gives a representation only of the earth and © 
of the one starry concave upon which the apparent movements of all 
the heavenly bodies are to be traced, and not of the concentric spheres 
and orbits out of which the universe bas been declared to be constructed. 
The chapter has.a peculinr title, unlike that of any other in the treatise : 
nde is ) led دول ادج وناج مي‎ “lection of the astronomical Upa- 
pishad.” ` ए. ishad is the name ordinarily given to such brief treatises, 
of the later Vedic period, or of times yet more modern, as are regarded 
¢ sources of philosophical and theological knowledge, and are 
looked upon with कषप reverence ; its application to this chapter 7 
equivalent to an assumption for it of especial sanctity and authority. It 
may possibly also indicate that the ra ae is origh iginally an independent 
treatise, incorporated into the text of the Sdrya-Siddhinta. 

The word éha, in verse 1, may mean either the asterisms proper 
ا‎ or the er (74), and is explained by the commentator قم‎ 
to inclode both. The guiyakas, “seoret ones,” are a class of 
demigods who attend upon Kuvera, the god of wealth, and are the 
keepers of his treasures: why they are mentioned here, as كرا‎ of 
especial reverence to the astronomical teacher, is not obvious. ¢ com- 
mentator explains the word by “ Yakshas etc. Jesser divinities.” In our 
translation of verse 3 we have followed the reading of the published 
text, which Colebrooke also ap pes ra to have had before him: our own 
manuscripts read, instead of bhdbhagola, bhdmigola and bhimer gola, 
١ of the earth” ag | 

yi lebrooke, in his essay On the Indian and Arabian Divisions of the 
ise (As, Res, ix. 323 etc.; Essays, ii, $21 etc.) to which we have 
already so often had occasion to refer, gives a translation of part of this 
ehapter, from the beg inning of the third to the midile of the thirteenth 
verse, 88 also a brief sketch of the armillary sphere of which the con- 
struction ह ५० ht in the 8100 مام‎ (प्छ). He farther furnishes o 
description, and ى‎ comparison with a ese, of the somewhat similar in- 
siruments employed by tha Greeks, the Arabs, and the early European 
astronomers. It has not seemed to us worth while to extract these-de- 
scriptions and काण स or to draw up others from independent and 
original sources object of the Hindu instrament is altogether differ- 
of the positions and motions of the heavenly bodies, while those are 
meant to subserve the purposes of astronomical observation: and its: 
relation to them is determined by this circumstance: while it, of course, 
possesses some of the circles which enter into the construction of the 
others, it is, upon the whole, a very different and much more complicated 
and tes hose structure. There is nothing in the way of supposing 
that the first hint of its construction may have been borrowed from the 
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corrections of the Sfjc, it seems preferable to assume that the text has at 
this point become corrupt, or else that the author of the chapter made 
a blunder in one of his caleulations.* 

The value of a minute of arc ay n the moon's orbit being fifteen yo- 
janas (see note to iv. 2-3), the valne, in minutes, of any planet's menn 
daily notion may be readily found from its orbit by the proportion of 
_ which the rule given, in verse 83 is a statement, os follows: as the dis- 

tance, or the orbit, of the planet in question is to that of the moon, 50 
if the moon's mean motion in miputes, or 11,958.717 ~ 14, to that of 
the planet, 

In verse 84 wo are tanght to calculate the distance of any planet from 
the earth's surface : in order to this, we are first to find the diameter of 
the planet's orbit, adopting, as the ratio of the diameter to the circum- 
ference, that of the diameter to the circumference of the earth—the for- 
mer, of course, as calculated (1.59) by the false ratio of 1:/ 10. After 
being guilty of so gross an inaccuracy, it is quite superfluous, and a mere 
affectation of exactness, to take into account so trivfll a quantity as the 
radius of the earth, in estimating the planet's distance from the earth. 

In the doctrine of the orbits of the planeta, as hore Inid down, we 
have once more a total negation of the reality of their epicyclical mo- 
tions, and of their eos eel varying distances from the earth in “لتك‎ 
ferent parts of their revolutions. | 


| CHAPTER XIII. 
OF THE ARMILLARY SPHERE, AND OTHER INSTRUMENTS. 


Coxteyts:—1-15, construction and equipment of the armillary sphere: 13-15, po- 
sition of certain points and sines upon it; 15-14, ite adjastment and revolution; 
17-25, other instruments, especially for the determination of time. 

1. Then, having bathed in a secretand pure place, being pare, 
adorned, having worshipped with devotion the sun, the lanai 
the asterisms (144), and the elves (guiyaka), 

2. Let the ( in order to the instruction of the pupil— 
himself beholding everything clearly, in accordance with the 
لولم‎ a handed down by successive communication, and 
learned from the mouth of the master (gurn)— 

8. A pk re the wonder-working fabric of the terrestrial and 
stellar sphere (bitibhagola) : 


* The Inst six verses of the chapter, which कन 11 و‎ whi متو‎ fn hia tl = 1 jen! data, m £ 

जू ly be > later addition ذا‎ its original content: the A iS kbar (ne translated 
Gladwin), in ite account of the astronomy of the ४ which it profemsedly 
bases vy ८५ the Sdarya-Siddhinta, omen gives these orbate (8४०, edition, London, 1600, 





ii, Su6), with the fret parts of genes, a? if independently derived from 
the data and by the rules of the text: the orbit of Mercury it states correctly, as 
1,049,207} yojanas. y 
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others are mannfactured out of this, upon the arbitrary and false assomp- 
tion that the mean motion of all the planets, each upon its own orbit, is 
of equal absolute amount, and hence, that its apparent value in each 
rase, as seen by us, is inversely as the प anet's distance, or that the di- 
mensions of the orbit are directly as the time employer in traversing 
it, or as the period of sidereal revolution. These dimensions, then, may 
be found by various Byes: pes dividing the circumference of tho 
moon's orbit by her time of sidereal revolution, we obtain as the 
amount of her daily motion in yojanas 11,858.717 nearly (more exactly 
11,858.71693-+-); and multiplying this by the time of 4 ereal revolu- 
tion of any planet, we obtain that planet's orbit. This is equivalent to 
making the proportion 
* mooo’s sid. rey.: planet's sid. rev, :: moon's orbit: planet's orbit 


And since the times of sidereal revolution of the planets are inversely 
as the number of revolutions made by them in any given period, this 
ruportion, again, is equivalent to 
planet's no, of rev. in an “Zon : moon's do. : : moon's orbit : planet's orbit 

This is the form of the proportion from which is derived the rule as 
stated in ph text, only the latter designates the product of the multi- 

plication of the moon's orbit by her number of revolutions as the orbit 
of the ether (वकष), or the cireumference of the Brahma-egg, within 
which the whole creation, as above taught, is enclosed. This is the same 
thing with attributing to the outermost shell of the universe one com- 
plete revolution in an Zon (kelpe), of 4,320,000,000 years. 

There is one feature of the 1 stem exposed in this passage which to 
us is hitherto quite inexplicable: it is the assigament to the asterisms 
of an orbit sixty times as great as that of the sun. This, according 19 
all the वृ of the system, should imply a revolution of the aster- 
isms eastward about the earth once in each period of sixty sidereal years, 
The same orbit is found allotted to them in the Siddhinta-Ciromani 
(Ganitidhy., iv. 5), and it is to be looked upon, accordingly, ns an ع‎ 
sential part of the general Hindu astronomical system. We do not sea 
bow it 1s to be brought into connection with the other doctrines of the 
system, or what can be its origin and import—unless, indeed, it be 
merely an application to the asterisms, in an entirely arbitrary way, of 
=e w that everything must be made to revolve about the 
عه د‎ acentre. We have noticed above (note to iii. 9-12) its incon- 
ع‎ with the doctrine of the precession adopted in this treatise, 

ihe dimensions of the several orbits stated in the text are for the most 

correct, being sach as are derived by the processes above explained 
rom the numbors of sidereal revolutions given ina ग pees. ssagre (i, 20 
—34). There is, however, one exception: the orbit of ४ AS 80 
derived, 1 1,049,207.8, and the number adopted by the tert—which re- 
jects fractions throughout, taking the nearest whole number—should be, 
accordingly, —208, and not - 209, If we took as divisor the number of 
Mercury's revolutions in an “Zon as corrected by the bija (see note to 
i. 20-34), we should actnally obtain for his orbit the valne given it. by 
the text; the exact quotient being 1,043.208.78, But as none of the 
other orbits given are such as would be found by admitting the several 
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by 84. Any orbit, multiplied by the earth's diameter and divided 

oy the earth's circumference, gives the diameter of that orbit; 
and this, being diminished by the earth’s diameter and halved, 
gives the distance of the planet. 

85. The orbit of the moon is three hundred and twenty-four 
thousand yojanas 5 that of Mercury's conjunction (cigira) 15 one 
million and y-three thousand, two hundred and nine: 

86. That of Venus's conjunction (cighra) is two million, six 
hundred and sixty-four thousand, six ५९ undred and thirty-seven : 
next, that of the sun, Mercury, and Venus is four million, three 
hundred and thirty-one thousand, five hundred: ١ 

87. That of Mars, too, is eight million, one hundred and forty- 
six thousand, nine hundred and nine; that of the moon's apsis 
(ueca) is thirty-eight million, three hundred and twenty-eight 
thousand, four hundred and eighty-four : 

88. That of Jupiter, fifty-one million, three hundred and sev- 
= -0 ४९ thousan 1 séven hundred and sixty-four; of the moon's 
node, eighty million, five hundred and seventy-two thousand, 
eight hundred and sixty-four; | 9 

_ 89. Next, of Saturn, one hundred and Medan Pulp million, 
six hundred and sixty-eight thousand, two hundred and fifty-five : 
of the asterisms, two hundred and fifty-nine million, eight hun- 
dred and ninety thousand, and twelve: 

90. The entire circumference of the sphere of the Brahma-egg 
is eighteen quadrillion, seven hundred and twelve trillion, eighty 
billion, eight hundred and sixty-four million: within this is the 
pervasion of the sun's rays. 


We present below the numerical data given in these verses, in a form 
easier of reference and of comparison with the like data of other 


Flanet ete. Orldt, in कृणुष्व, 
Moon, Ja4,000 
= बृ, 38,438,484 
£3 hp node, 80,572,664 
ercury (conjunction), 1,043,209 
st 4,331 500 
3 8, : ومورتاك‎ 
Jopiter,” 7 51,375,764 
priest 137,668,255 
erisms 259.8qnjo12 
Universe, 15,71.2,080,564,000,000 


_ We have already more than onee (see above, notes to i, 25-27, and 

iv. 1) had occasion to notice upon what धि les the orbits of the plan- 

ets, as here stated, were constructed by the Hindus. That of the moon 

(see note to iv, 1) was obtained by a true process of calculation, from 

genuine data, and is a tolerable approximation to the truth: all the 
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each portion of whose surface enjoys a recurrence of day and night 
ae 10 each lunar month, The — ps de सिध श = 
rather unnecessary amplification 2 स al’ in 1. 2 
27; but they answer well enough here as 5 a ial مرضي جا‎ to the عمل‎ 
tailed exhibition of the measurements of the planetary orbits which is 
to follow. Before that is brought in, however, we hava the connection 
again ain broken, by the intrusion of the two following verses, respecting 
he regents of years, months, days, and hours. । 
78. Counting downward from Saturn, the fourth Gripen: 
is regent of yer and the third, in like manner, is declared 
‘ tobe the regent of the year; AD : 
aoe auger cc iba न the moon क und, ^ 
thé regents hé mo - 1 1 urs ( als 
occur in downward order from Saturn. | oa 
This passage appears to be introduced here as answer to the inquiry 
propounded in verse 6, above. Instead, however, of explaining why the 
different divisions of time are pitt gua क pro- 








cr singe oad byes of sad regents of the successive सव न ds; bat 
adding also the important and significant specification respecting the 
hours, or twenty-fourths of the day. We have suffi iciently illustrated 
the subject, in connection with the other passage; we will only repeat 
here that, the planets being regarded as standing in the order in which 
they are mentioned in verse 31, above, their successive regency over the 
hours is the one fundamental fact apo n which all the rest depend, each 
planet bei = द lord also of the day whose first hour is placed 
under his charge, and so likewise of the month and of the year over 
whose first hour and day he is regent—neither the month nor the year, 
any more than the hour itself, being divisions of time which are known 
to the Grek on any other uses, and the name of the hour, Aord, which 
, the Greek (क्व, betraying the source whence the whole system was 
jotroduced into India. 

80. aa orbit (fakshd) of the asterisms (bha) is the circuit 
og ana) of the sun multiplied by vy : by og many yojanas 

the circle of the asterisms revolve above al‏ ىد 

81. bin the 0 of revolutions of the moon in an 
Jon (alpa) be multiplied by the moon's orbit, the result is to 
be known as the orbit of the ether: so far do the rays of the sun 
P32, If this be divided b : 

. If this vi y the number of revolutions of any 
planet in Hoe تام‎ (kalpa), the result will be the orbit of that 
planet : ए this by the number of terrestrial days, and the 
result is the daily eastward motion of them al] 

83. Multiply this she ne of yojanas of daily motion by the 
orbit of the moo 1 and divi by a planet's own orbit; the re- 
sult is, when divided by fifteen, its daily motion in minutes. 


at 
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नि pecially in respectful salutation and in religions cere- 
mo | 

“The natural measure of the day and of the ain ht is assumed in verse 
56 ete. to be the half of a whole day, or thirty nidis, and any deviation 
from that norm is regarded as an excess (dhana, erdd/s) or a deficiency 
(rnajhdni, kshaya), The former processes referred to at the end. of 
verse 58 are those tanght in 11. 00-02 | 
_ We have already above (note toi, 69-65) called attention to the fact 
that all the Hindu measurements of longitude and latitude upon the 
earth's surface are made in yojanas, and not in degrees. ف‎ 

The expression > perversely” (viperifa) in verse 62 is explained by 
the commentator to mean “in such manner that the rules as already 

ona cannot be applied”; since the sine of the ascensional difference 
(cara—see ii. 61) as found by them would be greater than radins. 

The latter half of verse 64 is obscure: its meaning seems to be, as 
explained by the commentator, that over a corresponding portion of the 
earth's surface in the contrary hemisphere the sun is continuously visible 
during the same period, the shadow of the earth, which is the cause of 
night, not covering that portion 


73. The circle of asterisms, bound at the two poles, impelled 
by the provector (pravaiw) winds, revolves oternally: attache 
to that are the orbits of the planets, in their order. 

74. The gods and demons behold the sun, after it is once risen, 
for half a year; the Fathers (pitaras), who have their station in 
the moon, for a halfmonth (paksia)+ and men upon the earth, 
during their own = ; . 

15. ‘he he orbit (ak of one that is situated higher up is 
large; that of one situated lower down is small. Upon a great 
orbit the degrees are great; so also, upon asmall one, they are 





१1 








small. 
76. A planet situated upon a small cireuit (6hramana) traverses 
the circle of constellations (bhagana) in a little time; one revoly- 


ng < on a large circle (mandala), in a long time. | 

5 The moon, upon 8 very 5 ort makes many revolu- 
tions: Saturn, moving upon yr pied ¢ orbit, makes, as compared 
with her, a much less number of revolutions. is 

The re emi and orderly succession of subjects is by no meana 
strictly maintained in this part of the chapter, The seventy-fourth verse 
is palpably out of place, and is, moreover, in 1 part spe fluous; for 
the statement contained in ita first half has ready twice HET) made, in 
here: व écification, too, is of a matter too obvious to call for 
notice. Nevertheless, the verse cannot well be spared from the chapter, 
since it contains the only answer a is vouchsafed to the question of 
verse 5, ere the day and night of the Fathers In the 

of the 











वनाद) | nt divisions of time, as single days, to different 
orders of the اياج‎ the month has been given to the ^ ras, = Fathers,” or 
manes.of the ted,"and they are accordingly located in the moon, 


१ 
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67. At Meru, the gods behold the sun, after but a single rising, 
during the half’ of his revolution beginning with Aries; the de- 
mons, in like manner, during that beginning with Libra. 7 


68. The sun, 9 his northern and southern a: igs 
(ayana) revolves directly over'a fifteenth part of the اسم‎ cir- 
cumference, a emg 0 عي‎ 

69. Between those limits, the shadow is east both southward 
and northward; beyond them, it falls toward the Meru of either 
hemisphere respectively. ५ RA ار‎ Cp 

70. When passing overhead at Bhadrigva, the sun is rising in 
Bhiirata; it i eres at that time, midnight in Ketumila, 
_ 41. In like manner also he produces, by his revolution, in 
Bhirata and the other climes, noon, sunrise, midnight, and sun 
set, reckoning from east to west. 

72. Dok din oat Meru, there take place an elevation 

of the pole (di इ and a depression of the circle of asterisms: 
to one going ४ the place of no latitude, on the contrary, a 
depression of the former and an elevation of the latter. 

This detailed (5 ition of the varying relations of day and night in 
different parts of the globe is quite creditable to the ingenuity, and the 
distinctness of apprehension, of those by whom it was drawn out. It 
is for the most part so elearly expressed as to need no additional expla- 
nations: we shall append to it only a few brief remarks: | 

How far, in verse 46, 0 true statement is given of tha cause of the 
heat of sammer and the cold of winter, may te made a matter of some 
question: the word which we have translated “ nearness” (dsennaid) has 
no right to mean “ directness, perpendiculurity,” and yet, when taken in 
connection with the म¬ verse, it may perhaps admit that signifi- 
eation. The esas ae ال‎ shows that the Hindus knew very well 
that the syn is actually nearer to the whole earth in winter, or when 
near his perigee, than in summer, 

The expression ayandnta, “at the end of an ayana,” employed in 
verses 51 and 61, and which we have rendered by a paraphrase, mig ht 
perhaps havo been as well translated, briefly and simply, “at either 
solstice.” § Probably ayana, as used in the sense-of “solstice” (see above, 
end of note to iii. 9-12), is an abbreviated form of ayandnta, like لبر‎ for 
jydrdha (ii. 15-27), and aksha for akshonnati (i, 60), | 

In verse 55, we have translated by “toward the right” and “toward 
the left” the ceca ماسم‎ and apasavyam, which mean literally “left- 
wise” and ^ right-wise” ; that is to say, in steh a manner that the: left 
side or the Tighe side respectively of the thing making the revaluation. 
turned toward that about which the revolution is mude, this being th 
Hindu mode of describing the passing of one person about another per- 
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54. Owing to the littleness of their own bodies, me en, losin 
in every direction from the position they OCCUPY) ehold this 
earth, although it is cesar as having the form of a wheel. 

55. To the gods, this sphere of asteriams revolves toward the 
right; to the enemies of the gods, toward the left; in a Pied 
tion of no latitude, directly overhead—always in a westerly di- 
rection. | 

55. Hence, in the latter situation, the day is of thirty nddts 
and the night likewise: in the two ——* of the gods and 
demons there take place a deficiency and an excess, always op- 
1, 

67. Duri ع‎ half-revolution beginning with Aries, there is 
always an oe of the day to the north, a the hemisphere of 
the gods—grenter according to distance north—and 8 correspond- 
ing deficiency of the night; in the hemisphere of the demons, 


the reverse. 
g with Libra, both the de- 











58. In the half-revolution beginnir ए 

ficiency and excess of day and night in the two hemispheres are 
the opposite of this: the method of determining them, which is 
always dependent upon situation (dep) and declination, has been 


59. Multi ५. the earth’s circumference by the sun’s declination 
in degrees, दत divide by the number of degrees in a circle: the 
result, in yojanas, is the distance from the place مم “كه‎ latitude 
where the sun is passing overhead. | 

60. Subtract from a quarter of the earth's circumference the 
number of yojanas thus derived from the greatest declination : 
at the distance of the remaining number of yojanas 








61. व ere occurs once, at the end of the sun's half-revolution 





62. In the intermediate region, ion, the defici ० ey and excess of 
57 and night are within the limit of sixty क्व; beyond, this 
sphere of asterisms (2010) revolves perversely. 

63. Subtract from a quarter of = earth's circumference the 
number of yojanas derived from the declination found by the 
sine of two signs: at that distance from the equator the sun is 
not seen, in the hemisphere of the gods, when in Sagittarius and 


0 ay Corn ; 
ri So also, in the hemisphere of the demons, when in Gemi- 
ni and Cancer: in the quarter of ie circumference where 
her shadow is lost, the sun may be shown to be visible. | 

65. Subtract from the fourth part of the earth’s peri hery 










(0 the number of yojanas-derived from the declination 
found by the sine of one sign: at the distance from the place of 


no latitude of the remaining number of yojanas, 
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had the good sense to reject with the insular continents, he 
at least passes them by with the briefest possible notice. In the Purknns 
they are declared to be each of them 10,000 yojanas in d and 
their di inhabitants, and productions are described with the same 
ridiculous detail as those of the continents on the earth's surface. 

It will be observed that the text, although exhibiting in verse 41 
amare عام‎ hension of the fact that the pole is situnted to the north 

ll points of the equator alike, yet, in प mane oe the position 

of the four great cities, speaks as if there were a north tion from 
Mern, in the continuation of the line drawn to the latter from Lanki, 
and gn east and west direction at right angles with this. 

For the terrestrial equator, considered as a line or circle upon the 
earth’s surface, there is no distinctive name; it is referred to simply as 
the place “of no latitude” (niraksha, ryakeha). 


45, In the half-reyolution beginning with Aries, the sun, be- 
Bn the her bing ध 18 visible to the gods: but 

९ inning with he 15 visible to the demons, 
his exeeeding nearness, the rays of the 


sun are hot in the h here of the gods in summer, but in 
that of the demons in winter: in the contrary season, they are 


sluggish. 
At the equinox, both gods and demons see the sun in the 
horizon; their day and night are mu Hy OE eae Ooh other. 
The sun, rising at the first of while Pee on 
northward for three signs, completes the former half-day of the 
wip Ta Vo manne, whl 
manner, while moving through the three 
ginning with Cancer, he completes th latter half of thet day 
cog: em ishes the same for the enemies of the gods while 
moving h the three signs beginning with Libra and the 
three ping with Capricorn repens 
50 مه‎ are their night and day mutually opposed to one 
another; and the measure of the and night is by 
pletion of the sun's revolution. 
61. Their mid-day and midnight, which are opposed to one 
another, are at the end of each half-revolution from solstice to 
re (ayana). The gods and demons each suppose themselves 


2 षद 1 too, who are situated upon the same diameter 

(9) think one another underaeath—a the dwellers 
12 t 

Bact te ety of the Peter ae tants of Lankié 

And everywhere upon the globe of the earth, men think 

their own place 19 be uppermost: but since it is a globe in the 

न thar boven upper, Or where an under side 
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middle of it rises Mount Meru, itself of 2 size compared with which the 
earth, as measured by the astronomers, is as nothing: it is said to be 
sini sem high, and buried at ee base 16,000 व 3 me the 
shape of an inverted cone, being 32 ojanas in diameter at its up- 
per extremity, and only 16,000 at the earth's surface, Out of this moun- 
tain the astronomical system makes the axis of the earth, protruding at 
either extremity, indeed, but of dimensions wholly undefined. As the 
declare the summit of Meru, and the mountains immediately 

suppo धष ९ + to be the site of the cities inhabited by tho different divin- 
ities, مه‎ also we have here the s placed upon the northern extremity 
of the earth's axis, while their foes, the spirits of darkness, have their 
seat at the southern. The central circular continent, more than 100,000 
Yojanas in diameter, in the midst of which Meru lies, is named Jambi- 
dvipa, “the island of the rose-apple tree”: it is intersected by six paral- 
lel ranges of mountains, running east and west, and connected together 
by short crogs- Pope مذ‎ es: the countries lying between these sk a क 
ed in the 






yled varshas, “climes,” and are all fully named and deseri 
rer كه‎ are the mountnin-ranges themselves. The halfmoon-shaped 
strips lying at the bases of the mountains on the eastern, southern, west- 
ern, and northern edges of the continent, are called by the same names 
that are given by our text to the four insular climes which it sets up. 
Bharata is a real historical name, appearing variously in the early Hindu 
traditions; Kuru, or Uttara-Kuru, is a title applied in Hindu geography 
of a less fictitious character to the country or people situated By ond the 
range of the HimAlaya; the other two names appear to be = 
Leta a inary. The Purdinas 6 nothing of cities in these four climes. 
anki, as noticed above (i. 62), is properly an 0 of the island 
Ceylon; and Romaka undoubtedly comes from the name of the arent 
city which was the mistress of the western world at the period of vely 
commercial intercourse a — and the agate the other 
two cities are pure figments © imagination. treatise, it will be 
observed, int the system of continents, or defpas, and sim प sur- 
rounds the earth with an ocean in the midst, like a girdle: the ١ 
مح عومد‎ 0 about with six other drtpas, or insalar ring- 
ed continents, twice as vast as that which it encloses, and each 
separated from the next by an ocean of the same extent with itself, Of 
these seven oceans, the first, which washes the shores of Jambaidvipa, is 
naturally enough acknowledged to be com pened dof salt water: but the 
second is of syrup, the third of wine, ourth of clarified butter, the 


fifth of whey, the sixth of milk, and the last of sweet water. Outside 
the Intter is an uninhabited land of gold, and on its border, as the اتات‎ 
most verge of creation, is the monstrous wall of the LokAloka mountains, 
beyond which is only nothingness and darkness. 

The author of the Siddhinta-Ciromani, more submissive than the 
writer of our chapter to the authority of tradition, accepts (Golidhy., 
chap. ii) the series of concentric continents and oceans, but fives them 
all a place in the unknown southern hemisphere, while he regards Jam- 
bidvipa as occupying the whole of the northern. 

The pétdlas, or interterranean cavities, spoken of in verse $3, are also 
an important feature of the Puranic geography. If our author bas not 
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$8. Seven cavities within it, the abodes of serpents (आव) and . 
endowed with the savor of heavenly plants, 
big छः the interterranean en ) earths. 
eollection of manifol 10 a mountain of gold, is 
Me the middle of the earth-globe, and pro-* 
ng on either 


85. At its 1 ner end are stationed, along with Indra, the gods, 
and the Great Sages (majars/ii); at its lower end, in like man 
ner, the demons (asura) have their place—each the enemy of the 


36. Surrounding it on every side is fixed next this great ocean, 
like a girdle about the earth, dividing the two hemispheres of 
the godsand of the demons. 

37. And on all sides of the midst of Meru, in e ध divisions 











88. Ata quadrant of the earth's circumference eastward, in 
me Koos) Bhadricya, is the city famed as Yamakoti, 
havin ays of gold. 
0 the sou Geant in the clime Bhirata, is in like manner 
the great city Lankd: to the west, in the clime called Ketumé 
is declared to be the city named Homaka. 

Northward, in the clime Kurn, is declared to be the city 
ealled that of the Perfected (siddha): in it dwell the magnant- 
mous Perfected, free from trouble. 

41. These are situated also at a distance from one another of 
2 quadrant of the earth's circumference; to the north of them 
٠ at the same distance, is Meru, the abode of the gods (sura 

42. Above them goes the sun when situated at the equinoxes; 
they have neither equinoctial shadow nor elevation off the pole 
(akshonnat), 

43. In both directions from Merd are two pole-stara (diruva- 
tara), fixed in the midst of the sky: to those who are situated in 
00 6 no laste (niraksha), both these have their place in 


__ 44 Hence there is in those cities no elevation of the pole, the 
two pole-stars being situated in their horizon; but their 

of co-latitude (lambaka) are पा oe: Meru the degrees of Jati- 

tude (aksha) are of the came num 


In these verses we have so much of geography as the author of the 

ch ip i er has स HN اهم‎ with his Seema explanations. For 

9 account of the it is wond 7 moderate, and free from 
falsehood, absurd fictions which the Purinas put forth as 

are here for the most part ignored, only two or th ree of the द 

of (न and those in an altered form. ‘To 

ly Wilson's Vishnu Purina, Book IL, wre 

8 


is a plain, of immense dimensions. Precisely in 









ii—vi), 
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(om sternity’"; and to derive siirya, “san,” from the root a, “ generate” 
from which sevitar actnally (वु is beyond the usnal measure of 
ndu theologico-phi ical logizing. The Hymns, Songs, and 
the | 1165 of ( ture commonly known as the Rig- 









Liturgy are the three 
Veda, Sima-Veda, and Yajur-Veda. The “seven metres” (v. 19) ध = 
those which are most often em Ploy. ed in the construction of the एत 
hymns : na 5 of the Veda itself they are Spee eat and marvellous 
qualities and powers are ascribed to them. © obscure statement con- 
tained in the first half of verse 20 comes from verses 3 and 4 of the 
purweha-hymn (Ri a ee, Oe the hymn is also found in others of 
the Vedio texts second half of verse nas also nearly coincides 
with a passare oY, 13) in the same hymn. Of the five elements assumed 
by the Hind philosophers, the first, cther, is said to be endowed only 
with the quality of audibleness; the second, air, has that of tangibility 
also; the third, fire, has both, along with color; to these qualities the 
fourth element, water, adds that of savor; the last, earth, possesses andi- 
bility, ta गे ibility, color, snvor, and odor: this is according to the doc- 
trines of the Sankhya philosophy. In verses 24 and 25 we have speci- 
fications introduced out of consideration for the general character and 
Said ce جمد ديد‎ as also, in the part assigned to the sun in the 
history of development, we may recognize homage paid to its 
asserted author, For the beings called in verse 28 the “perfected” (sid- 
dha), see below, verses 31 and 40. | 

29. This Brahma-egg is hollow; within it is the universe, con- 
sisting of earth, sky, etc.; it has the form of a sphere, like a 
receptacle made of a pair of caldrons. ४ 1 

30. A circle within the Brahma-egg is styled the orbit of the 
ether (vyoman): within that is the revolution of the asterisms 
@ha); — roel Sos in << one below the other, 

51. Revolve Saturn, Jupiter, Mars, the sun, Ven tay 
and the moon 2 below, in succession, the Perfected 2 siddha), ' : 
Possessors of Knowledge (vidyddhara), and the clouds. 


The order of proximity to the earth in which the seven ne lanets are 
here arranged is, as noticed above (i. 51-52), that upon which depends 
the succession of their regency over the days of the week, and so also 
the names of the Istter, So far as the first three and the last are con- 
Rec ac gl a naturally sugyeste: | arranger which could Seniesa 
to be hit upon by any nation ha पपलाह skill to form an order of 
succession at all: the order in which the sun, Mercury, and Venus ate 
made to follow one another is, on the other hand, a matter of more ar- 
bitrary determination, and might have been with A ys propriety, for 
aught we all see, reversed or otherwise varied. Of th supernatural 

beings called the “ possessors of knowledge ™ (vidyddiara) we read only 
in this verse: the oe ted" we find again below, in verse 40, as inhab- 
itants of a city on the earth's surface, ` 


82. Quite in the middle of the egg, the مااع لام‎ © igola’ 
stands in the ether, bearing the su reme might of Bral (२ hick 
is of the nature of self-su Boars fae 

at) 


VOL. ¥I. 
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18. He, the blessed one, is composed of the trio of sacred 
pa oh the soul of time, the producer of time, mighty, the 
soul of the universe, all-penetrating, subtle: in him is the uni- 
verse established. | | 

19. tags २५ made for his chariot, हद is composed of the 
universe, & Wheel consisting of the year, and having yoked the 
seven metres as his steeds, he revolves continually. = 
Resins 20. Three quarters are immortal, secret; this one quarter hath 
come manifest. In order to the production of the’ animated 
creation, he, the me hig one, produced Brahma, the principle of 


21. Bestowing aoe him the Scriptures feo) = ee and es- 


118 Bn within the egg as prandfa worlds, he 
| । 








0 en revolves, causing existence. 
22. Then Brahma, wearing the form of the principle of con- 
sciousness (ahankiira), १ mind In the creation: from mind 


was born the moon; from the eyes, the sun, the repository of 


23. From mind, the ether; thence, in succession, wind, fire, 
waters, earth—these five elements (mahdbhtita) were produced 
by the successive addition of one ५ 

24. رك‎ and Soma, the sun and moon: then Mars ete. were 
produced, in succession, from light, earth, ether, water, wind. 

oe Ban, Again, dividing himself twelve-fold, he, the mighty one, 
ज what is known as the signs; and yet farther, what has 
the form of the asterisms (nakshatra), tweniy-seven-fold. 

26. Then he wrought out the whole animate and inanimate 

creation, from the gods downward, producing forms of matter 
(prakrh) from the upper, middle, १५९ lower currents (srotas), 
aT. Having p produced them in succession, as stated, by a dif- 
ference of ty and function, he fashioned the distinctive char- 
acter of ash ; eget th to the showing of the Seripture (veda)— 

28. That is, of the planets, asterisms, and stars, of the earth, 
and of the universe, he the righty one; of gods, demons, and 
mortals, and of the Perfected (siddhe), in their order, 

We नु regen ard ourselves as called upon to enter into any detailed 
कु of “Sh ata ae of abe ment of the crea- 

, عه‎ to compare it critically with the similar schemes presented in 

other Hindu works, as Mann (chap, i), the Puriinas (see W eons Vishnu 
Purina, Book I), ete. We will merely explain a few of its expressions,» 
and of the allusions it contains. Vasudeva is مد‎ ordinary epithet of 
Vishnu, and its use in the signification here given it seems indicative of 
Vaishnava tendencies on the part of the author of the scheme. ‘The 
twenty-five principles referred to in verse 12 ore those established by 
the Siinkhya philosophy. The reference im verse 15, first half, is to Rig 
Veda x.121. In the second half of the same verse we have a couple of 
(alae etymologies : dditya comes, not from didi, ii first,” but from aditi, 





hitnself 


551 


7. The orbits of the ‘yer ets and stars, uplifted from the earth 
one above another—what are their heights? what their inter. 
vals? what their dimensions? and what the order in which they 
are fixed? 

8. Why are the rays of the sun hot in the summer, and not 
s0 in the winter? how far do his rays penetrate? How man 
modes of measuring time (आर्तव) are there? and how are they 


my Bel ¢ 

9. Resolve these my difficulties, 0 blessed one, creator of crea 
tures! for there is not found besides theqanother resolyer, who 
beholdeth all things, | 


The proper answers to these inquiries commence at about the twenty- 
seventh verse of the chapter, the preceding philosophical history of the 
development of the existing creation being apparently volunteered by 
the revelator. All the questions then find their answers in this chapter, 
excepting that as to the methods of measuring time, which js disposed 
of in the fourteenth and concluding chapter. The subject of the thir- 
teenth chapter also seems not to be contemplated in the laying out, in 
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١ this passage, of the scheme of subjects to be treated of in the remain- 

der of the treatise, 1 ١ 

॥ Man Having heard the words thus uttered with devotion by 
Maya, he 0 promulgated this mysterious and supreme 


Book (adhydya) : | 
‘11. Listen with concentrated attention: I will proclaim the 





secret doctrine called the transcendental (adhyitma): there is 
८ may not be bestowed on those whoare exceed. 
aly levoted to es 

2. Vasudeva, the 3 






ah th principle - divinity (jrahman), 
fat), the supreme Person (jurusha), un- 
manifested, free from qualities, superior to the twenty-five ice 
ciples, imperishable, 


18. Contained within matter (prakra), divin pervading every- 
thing, without and within, the ل‎ tes دادم‎ inthe ४6 अ 
_ Place created the waters, deposited in them energy. 

14. That became a golden egg, on all sides enveloped in dark- 
ness: in it first became manifested the unrestrained, the everlast- 
` In oe 
15. १५ rads scripture (chandas) is denominated the golden- 
_ Wombed (Airanyagarbha), the blessed ; as being the first (dai) ex- 

mr ie called Aditya; as being generator, the sun, 
light (jgots) upon the border of darkest no eupreme source. of 

¢ ( upon the border of he revolves, brin 
beings into being, the creator of creatures. छा = 
abt. ध as natural whe ae destroyer of dark- 
ness, great. The Hymns 6४ are hig disk, the Songs (simdéni 
his beams, the Liturgy (yajéinshi) his form, च : 


whose form is all that is 
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In this verse re-appears the personality of the revealer of the treatino, 
the incarnation of a portion of the sun, which has been lost sight of 
th 1 of the work ५. 7). The questions addressed 
answer to t د‎ aya, the recipient of the revela- 
tion, introduce the next chapter, which, with the two that follow it, con- 
tains the additional explanations and instructions vouchsafed in reply. 
The Inst three chapters confessedly constitute a separate portion of the 
work, which is here divided into a pirva Ehanda and an wttara khanda, 
ora “former Part” and a “latter Part.” It is by no means mk Pa ible 
that the whole second Part is an appendix to the text of the Siddhinta 
व comatitated. | 


as originally € 

The title of the next following chapter is bhigolddAydya, “chapter of 
the ergo i the second ए d part of the treatise नुः are 
styled adhydya, “lection,” instead of, as hitherto, adhitira, “ heading.” 





CHAPTER XII. 
COSMOGONY, GEOGRAPHY, DIMENSIONS OF THE CREATION. 


Cowrmnrs :—1-9, inquiries; 10-88, development of the creative agencies, of the ele 
and planetary systems; 32-44, situation, form, structure, and divisions of the 
earth; 45-72, varying phenomena of night and day in different Istitodes and 
zones; 75-77, revolutions of the stars and planets; 78-70, regents of the differ 
"जद time; 80-90, dimensions of the planetary, stellar, and ethereal ا‎ 


ad Then the demon Maya, عدم جد‎ himself with hands sup- । 
pliantly pet ia him who derived his being from facet part 
of the Sun, and revering him with exceeding devotion, inquire 
as follows: | 7 
2. O blessed one! of + measure is the earth? of what 
form? how supported? how divided? and how are there init ` 
seven interterranean nang ) earths ? 
3. And how does the sun cause the pot a eagle of day 
and night? how does he revolve about the earth, enlightening 
4. For what reason are the day and night of the gods and of 
the demons opposed to one another? or how does that take place 
by means of the seh com 1 of his revolution? | | 
an 5, Why does the day. of the Fathers consist of a month, but 
at of mortals of sixty nidis? for what reason is not this latter 
everyw 7 000 the pace | 
ance is tthe regenta of the days, Masse. months, 
and hours (1010) are not the same? How does the circle of as- 
foe (शष) revolve? what ia the support of it with the 
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forced Se nan wretation, but partly also by such an alteration of its readi ngs 
as disables it from yielding any other وعم مد‎ meaning. = 

19. When the equality of declinations of the sun and moon 
takes place in the neighborhood of the equator, the aspect may 
then again occur a second time: in the contrary: case, it may fail 
tO 0001+ 


Near the equinox, where declination changes’ rapidly, the moon, as 
the swifter moving body, may come to have twice, in rapid 5 शाद्वला, 
the same declination with the sun, and upon the opposite sides of the 
equator. Near the solstice, on the other hand, where the ecliptic and 
equator are nearly parallel, the moon—if she happens to be nearer the 
= भु than the sun is, owing to her Iatitnde—may pass the region in 
which the aspect would otherwise be liable to occur, without having had 
a declination equal in amount to that of the sun. 


20. If the sum of the longitudes of the sun and moon, in min- 
utes, on being divided by the portion (bhega) of an asterism 
(ha) ॐ vated notient between sixteen and seventeen, there is 
another, a third, vyatinita, 

This ts simply a special application of the اص‎ 
for finding, 5 rie the current ह i ned youu. ¢ 5€४- 

teenth of the series, as is shown by the list there given, has the same 
name, वा with one of the aspects treated of in this chapter: 
Judging ‘om verse 22, below, it is also regarded as possessing a like por- 

21. Of the asterisms (dhishnya) Aclesha (sérpa), Jyeshthé (din- 
dra), and Revati (paushpye), the last quarters ate junctions of 
the asterisms (bhasandhi): the first quarter in the asterisms fol- 
lowing these respectively is styled a gan ndiinta, 


€ formerly given 1 85}, 
| named : 








22. In all works, one must avoid the terrible trio of vyatipiias, 
as also the trio of gandidntas, and this trio of Junctions of as- 





The division of the ecliptic into twenty-sevenths, or asterisms, coin- 
cides with its division into twelfths, or signs, at the ends of the ninth, ` 
eighteenth, and twenty-seventh asterisms, which are also those of the 
fourth, cighth, and twelfth signs respectively, To this innocent circum- 
| it seems to be owing that those points, and the quarters of por- 
tions, or ares of 900/, on either side of them, are egarded and stigms 
tized 05 unlucky and ominous. Hence the title hase Whi; sandhi is 
literally “ put tting together, joint,” and bha js, عد‎ has been noticed else- 
where (note to 11. 9-12), a name both of the asterisms and of the sj 
Tn which of its various senses the word ganda is used in the compound 
gonddénta, we do not know, | 

23. Thus hath been related that supreme, pure, excellent, mys- 


terious, and grand system of the heavenly bodies: what else dost 
thou desire to know? 
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elination with the remoter limb of the sin—the contrary being the case 
when her declination is decreasing. He acknowledges that the text 
does not seem to teach this, but puts in the plea which is usual with him 
when excusing 9 palpable inaccuracy in the statements or processes of 
the treatise; namely, that the blessed author of the work, moved by pity 
for mankind, permitted here the substitution of differ of lo —_ itude 
for difference of declination, in view of the greater ease of its calcula 
tion, and the insignificance of the error involved. That error, however, 
ate juite the reverse of sin ignificant; it is, indeed, so very gross and pal- 
pable that we cannot possibly suppose it to have been committed inten- 
tionally by the text; we regard it as the exsier assumption that the con- 
ditions of the continuance of the aspect are differently estimated in the 
text and in the commentary, being by the former taken to be as we have 
stated them above, in our explanation of the procesa. The view of the 
matter vor by the commentator, it is true, is decidedly the more nat- 
ural and plausible one: there seems no good reason why an aspect 
which depends upon equality of declination should be desermined as to 
rontinuance by motion in longitud atypia the aspect should only oc- 
cur at all Sarge ct two centres are equally distant from the equator; 
why, in short, should not be partial aspects, like partial eclipses of 
a indent If the doctrine of the commentary is a later development, or 
an independent form, of that which the text appears to represent, it is a 
rally suggested one, and such as might have been expected to arise 


17. While any parts of the disks of the sun and moon have 
the same declination, so long is there a continuance of this aspect, 


mak destruction of all works. 

18. So, from a eves & of the time of its occurrence, very 
great advantage is obtained, by means of ८ giving, prayer, 
ancestral off vows, oblations, and other like acts. 7 


We have translated verse 17 in strict accordance with the nee a 8 
tion of it presented in the commentary, although we must acknowled ee 
that we do not see how that interpretation is to be reconciled with the 
actnal form of the text. The term ekdyanagata, which the commenta- 
tor renders “ havin ng equal declination,” is the same with that which in 
the first verse signified “ situated in the same ayana” ; mandala, sat h 
it is sometimes used with the meaning “ disk," here attributed to it by ` 
him, is the word employed in that same verse for a “circle,” or “360°” - 
and antfera, which he explains by संदल, “any part,” never, so far as 
we know, is properly used in that sense, while it is of frequent ocenr- 
rence elsewhere in this treatise with the rat z “interval.” The nat- 
ural न sme line would seem to be “when there is between the - 
sun and moon the interval of ى‎ cirele, situated in the same ayana,” 
This, however, yields no useful mean ५ age such a description could 
only apply to an actual i tie of the sun and moon. We do not 
see how the difficulty is to be solved, unless it be allowed us, in view of 
the discordance already pointed out as existing between the plain mean- 
ing of the previous ros and that attributed to it by the commenta- 
tor, ag 25501716 < the text has been tampered with in this verse, and 
nade to furnish a different sense from that it originally had, partly by a 
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12. The aspect (pia) is at-the time of korea of declinations ; 
if, then, the moon’a longitude, as thus increased or diminished, 
be less than her longitude at midnight, the aspect is past; if 
greater, it is to come. ! | 

18, The minutes of interval between the moon's longitude as 
finally established and that at midnight give, when multiplied 
by sixty and divided by the moon's daily motion, the time of the 
aspect, in य 

We had thus far found only the longi itudes of the sun and moon at 
the time of 7 ६ of declination, and not @hat time itself: the latter 
is now derived from the former by this proportion: as the moon's daily 
motion isto a day, or sixty nidis,so is the difference between the 
moon's longitude at midnight and at the time of the aspect to the inter: 
val between the latter time and midnight. 


14. Multiply the half-sum of the dimensions (ména) of the sun 
and moon by sa, and divide by the difference of their daily 
motions: the result is half the duration (sthih), in nadis ete. . 

15. The ae time of the aspect (pita) is the mid 
die: if that be diminished by the half-duration, the result is the 
time of the commencement; if increased by the same, it is the 
time of the end. | . 

10. The time intervening between the moments of the begin 
ning and end is to be looked upon as ex कः ingly terrible, hay- 
ing the likeness of a consuming fire, forbi for all works. 


The continuance of the centres of the sun and moon at the point of 
equality of declination is, of course, only momentary! but the poe 
and its malignant influences are te be regarded as lasting as long as th 

is virtual contact of the two disks at that int, or a8 long as a central 
eclipse of the sun would last if it took م3‎ there. Its half-duration, 
then, or the interval from its middle to its Ay ba inning or end respectively, 
is found by a proportion, as follows: if in 8 day, or sixty nidls, the two 
centres of the sun and moon become separated by a distance which is 
equal to the difference of their daily motions, in how many nidis will 
they styl sre by a distance which is equal to the sum of their 





diff ل‎ motions: 60 : : sum semi-diam, : half-duration 
And if this amount be subtracted from and added to the time of equal- 
ity of declination, the results will be the moments at which the aspect 


will begin and end respectively. 
Such is the plain and obvious meaning of the text in this passage. : 
The commentator, however, in accordance with his interpretation of tha 


next following verse (see below), declares that the napect actually lasts 
as long as any portion of the moon's disk has the same declination with 
any portion of that of the sun; and that, accordingly, it commences— 
the moon's declination being supposed to be increasing—whenever her 
remoter limb comes to have the same declination with the nearer limb 
of tho sun, and ends when ber nearer limb comes to have the same de- 
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382. 
9. Multiply the sines of the two declinations by radius, and di- 
vide by the sine of greatest declination: the difference of the 
ares corresponding to the results, or half that difference, is to be 
added to the moon's longitude when the aspect (pdta) is to come; 
aoe And is to be subtracted from the sears ata + 
he aspect is past. If the same quanti “multi by the 
sun's notion and divided by the moon's 4 एवि is an 
equation, in minutes, which is to be A hapa the sun’s place, 
in the same direction as the other to the moon's. a 
11. 50 also is to be श in the contrary direction, a like 
equation to the place of the moon's node. This operation is to 
ا‎ 0 प्प] the declinations of the two bodies € to be 


By this process are ascertained the ids aa of the sun and moon 
at 00 1 ما‎ hangs reece ing : न कृष may be mings 
explained as follows. At the midnight assumed as the starting-point ठ 
the whole calculation there is to be a certain difference in the 
‘two dechmations ; we desire to determine how far the paths of the two 
luminaries must be traced forward or backward, in order that that differ- 
ence may be removed; and this must be effected by means of a series 
of approximations, .We commence our calculation with the moon, as 
being the body of more rapid motion. By a proportion the inverse of 
that aie । which the rule for ا‎ he the declination from the lon pet 

8. 28) is founded, we ascertain at what lon poe the moon would have 

actual declination, and at what i tude she would have‏ 8 ظ 
her own sctual declination, as corrected by her latitude; the difference‏ 
“between the two results is a measure of the amount of motion in Jo age 1‏ 
tude, forward or backward, by which she would gain or lose the differ-‏ 
ence of declination, if the sun remained stationary and her own latitude‏ 

व्क changed. Since, however, that is not the case, we are compelled to 
faleulate the corresponding motion of the sun, and also the moon's Inti 
tude in her new position: and in order to the latter, we must correct the 
re of the node also for its retrograde motion during the interyal. 
motions of the sun and node are found by the following pee rtion : 
as the moon's daily motion is to that of the sun, or to that of the node, 
so 18 the correction ap to the moon's place to that which must be 
applied to the nid erie of the san, or to that of the node. A new set of 
ons in longitude having thus been found, the declinations are again 
to be calculated, and the same approximative, process repeated—and so 
on, until the desired degree of accuracy is attained. 

The text permits us to appl 3. as the correction for the place of the 
moon, either the whole or the half of the difference of longitude found 
asthe result of the first Proportion : it 18 unessential, of course, in a 
process of this tentative character, what amount we assume as that of 
the first correction, provided those which we apply to the places of the 
sun and node be made to ier bo d with it: and there may be cases 
in-which we should be condycted more directly to the final result of the 
process by taking only half of the difference. 








planation contained in verse 20, below. ‘The specification of the text, 
that the aspects take place when the sum. of longitudes equals a ciréle 
rele respectively, or when the two luminaries are equally dis- 
tant from cither solstice, or either equinox, is not to be understood as 
exact: this would be the case if the moon had no motion in latitude: 





bat owing to that motion, the equality of declinations, which is the main 
thing, occurs at a time somewhat removed from that of equality of dis. 
“tance from the equinoxes: the lutter is called in the commentary ma- 
@hyapdta, “the mean occurrence of the aspect." ‘The terms translated 
by us “ypon the same and مامه‎ the opposite sides of vither solstice 

and vipari fa, literally “situated in the same 





‘and in 1. "य as already pointed out (end of 
hote to iti, 0-12 ae namo’ of the: hi into which the ecliptic’ is 
divided by the so 


6. When the longi tudes of the sun and moon, increased 
by the degrees etc. found for the coincidence of the afd solstice with 
its observed place, are together nearly a circle or nearly a half 
circle, calenlate the corresponding declinations, 
+" ५ 7, Then, The the declination of the moon, she being’ in an odd 

90: nt, 15, When corrected by her latitude (vik २५) greater 
than the declination of the sun, the aspect (pda) is already past 

8, If less, it is still to come: in an even quadrant, the contrary 
18 the case. If the moon's declination is to be subtracted from 
her latitude, the rules as to the quadrant are to be reversed. = 


As in other processes of ॥ similar i sys د‎ above, iv. 7-8: vii 
2-6), we are supposed to have found by trial, for int of 
the present cal the midnight next sie or following the 

determined for that 








moon's latitnde. In finding the longitades, we are to apply the corree- 
tion for precessi ang Ae न oor € on in verse 6, 
9.11 

culated place"; the reference 18 to the 


similar expression त, contained in ifi. 11. Next the de- 
clinations are to be found, and that of the moon as corrected for her lat- 





n, then, ऋ declination‏ و و 
en dese from the diminishes, क or the contrary, and the‏ | 
conditions ax formerly stated are reversed throughout.‏ 

# 0८.91. 49 3 नदि 
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1. When the sun and moon are upon the same side of either 
solstice, and when, the sum of their longitudes being a circle, 
they are of ed ual declination, it is styled vaidiria. | 

5, When the moon and sun are upon opposite sides of either 
solstice, and their minutes of declination are the same, it is 
vyatipita, the sum of their lon eres beings half-cirele. 

ˆ 8. Owing to the mingling of the nets of their equal rays, the 
fire arising from the wrath धि of their gaze, being driven on 
by the proyector (pravafa), is originated unto the calamity of 


4. Since a fault (pdéa) af this time often causes the destruction 
of mortals, it is known as wyatipdta, or, by a difference of title, 


"6. Being black, of frightful shape, bloody-eyed, big-bellied, the 
source of misfortune to all, it is produced again and again. 


Of all the chapters in the treatise, this is the one which has least in- 
terest and value. It is atyled pitddhikdra, “ chapter of the pd/as,” and 
concerns itself with giving a description of the malignant character of 
the times when the sun and moon 4 ayo. 3 ual declination, प्र Ben the same 
ie Ya site sides of the equator, and with laying down rules 2 which 
the time of occurrence of those malignant aspects may be calculated. 
The Initer part alone properly falls within the province of an astronom- 
ical treatise like the present: the other would better have been left to 
works of a professedly astrological character. The term pala, applied to 
the aspects in question, means literally “fall,” and hence also either 
“fanit, transgression,” or “calamity.” We have often met with it above, 
in the sense of “ node of a planet's orbit”; asso used, it was probably first 
applied to the moon's nodes, because they were the द of danger in 
her revolution, near which the sun or herself was linble to fall into the 
jaws of Rabu (see above, iv. 6) ; and it was then transferred also, though 
without the same reason, to the nudes of the other planets As it is 
employed in this chapter, we translate it simply “ लक Why the 
time when the sun and moon are ९१ ynally distant from the equator should 
be looked upon as so especially unfortunate is not easy to discover, not- 
withstanding the Jucid explanation furnished in the third verse. For the 
“provector” (pravaha), th ह wind which carries the planets forward in 
their orbits, see above, ii. 3, When the equal declinations are of i 
site direction, the aspect is denominated vdidhrta, or vdidhrti, This 
word is a secondary derivative from ridArti, “holding apart, withhold- 
ing,” or from vidhria: it has been noted above (ander ii, 65) as the 
name of the last yora; and its use here is not discordant with that, 
since the twenty-seventh yoga also occurs when the sum of the longi- 
tudes of the sun and moon is 360°. The title of the other aspect (pata), 
which oceurs when the sun and moon are equally removed from the 
equator upon the same side of it, is ryalipdfa, which may be rendered 
“very excessive sin or calamity.” This, too, فا‎ the name of one of the 
yogas, but not of that one which occurs when the sum of longitudes of 
the sun and moon is 180°: the discordance gives occasion for the عت‎ 
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ay 9 अ 
the moon at > द moment, and pointing out which of her two horns 


has the greater altitude. Fie cease es is made of the 0 of 
angular detlectio ण upon which any conse ae meteorological, astro- 
logical, or of any. character, could be founded; nor ‘is ‘any hint) 
Siven of the way in which the results of the process are to he turned to 

aocoumt. Moreover, while the object aimed at seems thus to be merely 

4 projection, a time is selected at which the moon is not ordinarily visi-! 
ble, مد‎ that.she cau not be seen to exhibit an accordance with her तलकर 
ated appearance! Once more, the whole ‘process is an extremely fanity 
one; cae, ^ ^ in fact, only when the moon is herself at the horizon that her 

visible disk can be regarded as in the णः epee ane with lines parallel with 

and perpendicular to the horizon, or 1 ऋ" "م مد‎ 9 (Fig, 33) repre 

sent actual directions upou her face: unywhere else, the relations of the 

moon's disk at M in-the first tig ager pes td and at Al: in the other fig- 

ure (Fig, 33) are so-diiferent that the Jatt catinot fairly represent the 

former. It would seem, indeed, as if the moment of tle moon’s own 

Setting oF rising were the one for which sueh 9 ‘calculation and. projec: 
Hon 43 this would have: most significance: at that time, the disappear 

See OF appearance of one of -her horns before the other would be suely’ 
7 phenomenon ts might seem to: a Hinda astronomer worth the trouble: 
of delineating, as decisive proof of tent ar of his scientific 
knowledge, We have not fonnad it possible, owever, to make the rulés: / 
of the text appl ly torsuch a case, and the commentary is explicit'in its” 
definition of time of the calculation, as sunset or sunrise alone; fo. 
the exclusion: of any othersmomient.’ But the dissordanee ‘existingy at” 
more than one point in the chapter between the text and the commen- 
tary suggests the conjecture that the original design of the’ one and-the 

traditional interpretation of it represented by the other may be at vari- 

ance, and we are not without suspicions that the text may have been 

altered, so as not now fair ay a accorately to represent any one consist! 

ent process. A. better unde: tanding of the general object of the عع لس‎ 

lation and the use made of 1६5 results, and an acquaintance with the so- 

lutions of the problem presented by other astronomical treatises, might 

throw additional Hight upon these points; but we are not able at present 

fully to avail ourselves of such assistance, nor is the importance of the 

subject such as to render incumbent upon us its fuller elucidation, 
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CHAPTER XI, 


OF CERTAIN MALIGNANT ASPECTS OF THE SUN AND MOON. 
Coxresty:—1-5, definition und description of the malignant aspects of the sun and 
moon, when of equal declination; 6-11, to find the longitude of the son and 
moon when their declinations ara equal; 12-11, to ascertain the corresponding 
tine baad to determine the duration of the aspect, and the moment of its be. 
Ginning and end; 14-18, ite continuaner and its influences; 19, when soch on as- 
pect may occur more than once, or oot at all; 20, occurrence of the yoga of like 
name and character; 21, of unlucky points in the circle of asterisma; 22, caution 
as to these unlocky aspects and points: 25, introductory to the following chapters, 
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this explanation as. plausible.one: to us the-mean ingle seoms rather to. 


be that whereas, in the projection, the perpendicular (kot) LM is drawn 
on a horizontal तु judging of the pg an actual 
representation of the moon's position, to conceive of that line ns 
erected, 0 perpendicularly; oul wer 0 | 
. We have thus far only supposed a case in which the: calculations are 
= made for the moment of sunset, the situation of the moon being in the 
Westertt heminphere of the heavens. In the text, however, there is طامط‎ 
1 tegen eran 
the trian gle 5 LM in the eastern hemisphere. The-last verse supposes 
those to be the conditions of the problem, and lays down ra “si م‎ 08- 
termining 11. ला > éase the amount'of illumination, and for a he 
ama rgjection. As regards the measure of the illuminated part, we are to’ 
low the same general mothod: aa before, only substituting for the 
moon's distance in longitude from the sun her distance sparc ink 
of opposition, and regarding the result obtained: as the acai that 
part of the diameter which is obscured (asita, black’): sinee, during’ 
the waning half-month, darkness grows gradually over the moon's face 
in the same manner as illumination had done doring the ereseent half 
month. But my the base (bAuja).is now to: be laid off in the opposite 
toits calculated direction, we find it very hard to see.’ The commenta- 
tor says it is because all the conditions of the problem are reversed by 
our having to calculate and Iny off the obscured, instead of the वक्रा 
ted, part of the moon's disk: but the foree of this reason is not apparent, 
The establishment in the projection of a point ee the position 
of the san is, in, effect, the one condition which ‘sufficiently determines. 
all the rest : كن‎ We are! to make a Projection ‘corresponding to that 
drawn in illustration of the other-case, we ought, it should seem, to” 
draw the base in its tre direction, and, stationing the observer non tha” 
western side of it, looking eastward, to lay off the perpendicular away 
from him, toward the east: and then to proceed a before, only measur- 
ing the obscured: part-of the diameter from its remoter extremity, in 
stead of from: that next the-sun,.. ‘This latter direction ia regarded by 
the commentator 4s actually ners edn the final clause of verse 15: he 
interprets ~ the (0) of the moon” to mean the dark part of 
the moon's disk, or that which is to be pointed out as increasing during 
the waning halfmonth, and “on the west to mean on the western side 
the complete disk, whichis the cide now tomed away from the son, 
Tt secms to ta न ¥ questionable whether the passare fairl y admits 
of this mterpretation, ait we have no ‘other explanation of 7 to जात 
unless, indead, it is to be looked upon asa virtual repetition of the, for-- 













mer direction to Iny off the perpendicular, which determines the posi 
tion of the moon's disk, towards, the west. | | 
_ We must confess that we foel less satisfied with our comprehension of 
the scope and methods of this chapter than of any that precedes 11. We 
are disappointed at finding the result arrived at one of so {पि > 
character, and of so little significance, ‘The whole laborious caloulatton 
sceuis to be made simply for the sake of delineating the appearance 
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upon the surface.of projection: but the text directs us to lay it off west- 
* Fig. 33. 


ward from L, apparently in order that. 
the observer, standing upon the east- 
ern side of his base 5 L,and looking 
westward toward the setting son, 
may have his figure duly before him, 
The western extremity of the perpen- 
dicular, M, represents the moon's 
place, and from that as a ecntre, and 
with a radius equal to the semi-~liam- 
eter of the moon in digits, 29 ascer- 
tained by calculation for the given 
moment, a circle is described, repre- 
४ ~ । senting the moon's disk. . Next we 
are to prolong the hypothenuse, 5 M, to’ € and to draw, by the usual 
means, the lind क त ज right angles to it-: the directions upon the disk 
thus determined by the hypothenuse, as the text $ 70६5 it, are called by 
the commentary “ moonaiirections” (candradiras). The sun being at 5, 
the illominated half of theanoon's circumference will be «wn, the cusps 
will be at. # and. ب‎ andw will be the porate of the dimmeter of grent- 
estillumination. From w, then, lay off upon the hypothenuse an amount, 
wa, equal to the measure in digits of the illaminated part of the dinm- 
eter, and शु. १.9 =, ऋष्‌ m describe an are of 8 दादर, in the manner 
already more than once explained (see above, vi. 14-16); the crescent 
#wn2 will represent the amount and direction of the moon's illomina- 
ted part at the given time. Now we once more make a determination 
of directions upon the disk according to the perpendicalar L M¥that is 
to say, we prolong L M toe, and ‘draw?’ क at right angles to it: the 
directions established are styled in the commentary “ sun-lirections” 
(niryadiras), although without obvious propriety: they might rather be 
called “apparent directions,” or “directions on the sphere,” since ° 8" 
should represent a line parallel with the horizon, and “قد‎ © one perpendicn- 
lar teat. The line ज न is-called in the text.the “ cross-line” (tiryakriira), 
and whichever of the moon's cusps 1s found upon that line is, we are told, to 
be regarded as the elevated (unmafa) cusp, the other being the depressed 
one (nafa), Whenever there is any base (4huya), as SL, or whenever 
the moon and sun are not upon the same vertical line M L, there will 
take place, of course, a tiiting of the moon's disk, by which one of her 
cusps will be ratséd higher above the horizon than the other; the rela- 
tive शाह of the base to the perpendicular will determine the amount of 
the tilting, and of the deflection of the points’ of direction n¢sw-from 
क" "م "و”‎ and the elevated ensp will क be that upon the same side 
of the perpenditilar'on which the base lies, What is meant by the 
Jatter half of verad 14 is not altogether clear, The commentator explains 
it in quite a different manner from that in which we have translated it: 
he understands kot? قم‎ meaning in this instance “cusp,” which signifi- 
¢alion it is by derivation well adapted to bear, and does actually receive, 
अआ) not in any other passage of this treatise: and he explains the 
verb krird, “having ‘miade,” oY drshivd, “having seen": the phrase 
would then read “beholding the elevated cusp." We cannot accept 
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५ ७1 roportion : as twelve is to the trae diameter in digits, so ix 


the result already found to the trie measure of the part of the diameter 
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lipticity of the line ‘the inner 0 اك‎ tant ae euona 
ted part 1 tore strange that : جومم‎ ye neta म vie षभः ध 


while the illominated portion of them spherical surface visible fro 1 
the earth Varies very wearly as her तोका nthe sun, th ‘the apparent 
breadth of the bright part of her disk, iwhigh Sak mise is sen 
jected, must vary rather as the versed site oF Her qt Pots 
10. 15 9 point) calling it the sa + from 2 1 Ly । 
1010 own proper direction; then the perpendicular, | 
west; and म the hy pothenuse, ing throug t 
of the perpendicular and the'central-point, ` ` 
41. From the point of intersection of the: perpen 
the hypothenuse describe the: moon's disk, according 
mensions at the given time. "Then, by means’ of the hypothe- 
nuse, first make a determination of directions;)" ` 1 
12 And lay off upon the hypothenuse, from the ‘point of its 
intersection with the disk, in an inward direction, the measure'of 
tho illuminated part: between the limit of the illuminated part 
and the north and south points draw two fish-figures (matsya) ; 
118. From the point of intersection of the lines passing through 
their midst describe an are touching the three points: 4s the disk 
already Peng appears; such is the moon upon that day 
14. After making a determination of directions by means of 
the perpendicular, point out the elevated (unnata) cusp at the 
extremity of ‘the cross-line: having made. the 0 ‘pendicular 
(Koti) to be erect (unnata), that is the अ ~ the moon. 
15. In the dark halfmonth subtract the longitude of the sun 
‘uncreased by six signs from that of the moon, and calculate, in 
the same manner as before, her dark part, In‘this case lay off 
_the base in 4 reverse direction, and the cirele of the moon on the 
١ Having made tke caleolati rescribed in the preceding passages, 
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sm | | 
وج‎ are now to project their results, and to exhibit a 1) of 


the moon'as she will appear at the given time. The annexed fign 
| x. . $3) will illustrate the method of the projection. 

“We first fix upon 3 point as 8, which shall represent the position of 
‘the ह) ह centre upon the western horizon at the moment of sunset, and 


we determine, 10 the manner taught at the beginning of the third chap- 


ter, the lines of cardinal direction of which itis the centre. From this 
point عالت سيا‎ off the base (وزرسلة)‎ 5 L, according to its value in og 
‘ats as nscertamed by the previous process; and northward or southward 
according to its true direction as determined | the same process, From 
L, its extremity, is laid off the perpendicular ५५५५; » whi 1 has the fixed 
value of twelve digits. This, being a line perpendicular.to the plane of 
the horizon, may be regarded as having no proper dirgetion of its own 
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sines of declination, but the site of the sam عن‎ diffttence of declinations, 
as the side 6 त of the trinngle 8 तठ This seems to be a mere inaccii- 
racy on the part of the text, the difference between the two quantities; 

could never, be.of an y great sams oi ing neglected: it ix, how- 
ever, very hard to see why the less accurate offtthe two valuations of the 
म 4 ity in question should have been selected by the text; for it is, if 
anything, rather less eaay of determination than the other, The other 






discordance is one of much more tiagnitude and im ports tance: the text 
speaks of the “hypothenuse of the moon's mid-day shadow” (madhydh- 
nenduprabhikarnc), for which the commentary sutetitutes that of the 
shadow east by the moon at the “tiie nena obi of कवीन, "The com: 
maentator attempts to ile the diserer pre هود‎ ey by “aaring that the text 
means here the moon's shadow as-calctlated after the method of ‘a noon 
shadow; or again, that the titne of sinset'ix; in effect, the iniddle of the 
day, since the civil day is reckoned from stnrise’ to 9५१६१५६१ "but neither 
of these explanations caw be eu ded ‘na satisthetory. | "The ‘commentn- 
tor farther urges in sdpport of his understanding of’ the term, that we 
are expressly tanght above (vii. 11) that the calculation “of apparent 
longitude (drkkarman) is to be.made in vat process for finding the ele- 
vation of the moon’s cusps; while; if the ‘hypothenuse of the moon's 
meridian-shadow be the one found, there arises no occasion for making 
that calculation. It seems clear that, unless the commentator'’s under- 
sanding of the tree scope and method of the whole proces be erone- 
ons, the substitution which he makes mnst necessarily he admitted. ‘This 
is a point to which we shall recur later. ` ` = الج‎ 

9. The number of minutes in the longitude of the moon di 
minished by that of the १ ives, when divided by nine hun- 
dred, her illuminated part (cuéla): this, Sapa 7 the num. 
ber of digits (angula) of the moon's disk, and divid by twelve, 
gives the same corrected (त्म); 8 
+ The role laid down-in this verse, for’ determining the measnre of the 
illuminated part of the moon, applies.only- to the time between onew 
moon and full moon, when the moon js leas than 190° from the sun: 
when her exeess-of longitude in-more than 190°- the ruled ds to be ap- 

fed as stated below, in by Bi As the whole diameter of the moo on 
w-ilariihntéd اناس‎ she’ is Wall a revolution’ from ‘thé sine’ 6nd Ball 
her diameter'at a quarter of क revolotion’s distance: and 9० part'of # 
पठ पताह of conjunction, it  assimed that the Hluminated portion of her 
diameter will vary as the part ‘of 180 by which she ia ‘distant from the 
sin; and hence that; mauming the mextira of the diameter of 2 
disk to be twelve digits, the nuinber of digits पित्त nay be found 
by the following proportion: as ‘half a ‘revolution, 6r° 10800". is) to 
twelve digits, sn = the moons तनक from the’ stn in तितौ to the 
corresponding part of the diameter illnininated >the’ anbstitntion, in the 
first ratio, of 000:11 for 10,800: 13, ives the rule as‘stnted in the text! 
Here, it will be noticed, we have for the first and only time the Greek 
metliod of measiring the moon's dinmeter, by eqital tweliths, of dip diggits : 
from this seale a farther réedhetion is made to fh ¢ roper Hinde’ seales فم‎ 
determined by the methods of the fourth ¢hapter ممه‎ above, iv; 2-3; 28), 
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end = (RX tame of sines of deel) tin cola 
Tn ike manner, since, inthe triangle MN L, the angles at Mand N 
are respectively equal to the observer's latitude and co-latitude, | 
Ses | 11111111 

or 8 _ श eo-Lat, : win. lat, :: sin alt. : WL 

BLM ४)" 


. We have thusfound the values of ML and the two parts of SL in 


| | L 
terms of the general sphere, oof ee cle whose radius is tabular rading 5 
4) 1 न mi fo terms of a pole. in which M 
eq € guomon, or twelve. digits न San د سوال له‎ 
equal to the sine of altitude in a circle of which the hypothennse of the 
corresponding shadow is radius (compare above, iii, 25-27 ete.), this نمم‎ 
Serdice say be -etlected by multiplying the quantities in question by the 
hypothenuse of the shadow, and dividing by radius. That is to say, Tep- 
resenting the reduced values of 85 N and NL by an and mJ respectively, 
W930) 1.14 + ¦ 10 2 मु الناظه‎ 25:34 Lge. 
~ uit % 71 hyp, shad.:: 5 Nan 
चतत rat “Rehyp shad: N Limi 
Substituting, now, in the second and third of these proportions the val- 
uss ot SN Late N-L foimd for them ‘above, and substitating also in the 
Sa thé'valud of the hypothenuse of the shadow derived from the first, 
we have : 
٠ ~ يز‎ EX gnom. | sinult. > Int, 
i: byp, shad, ;; حتماوة سلس د‎ {571 fr, anit ial का त्म ST Re ag ait र ७ 
which reduce to 


= BYP. shad. sum sindecl, | _siti Int, > gnom, 
i لطت ما‎ NAM 2 
Henoe, # the perpendicular M L be assumed of the conatant value of the 
ghemen, or twelve digits, we have = 1 
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छ, opposite sides of the equator. If they are upon the same side, 
من‎ Stil Setting at S', or if their sines of declination, S’d and Ne, are of 
the samo direction, the 94 of 8'N, the corresponding part of the 
base 5. 1» will abe found by pening in the same manner as before the 
रशत of the sines, S'r, instead of their sum. In this case, too, tha 
valno of S’e being north, 8" पि will have to be subtracted from NL to 
give the base 5°L. . Other positions of me seo laminaries with respect 
to one another are supposable, but those which we have taken are suffi- 
cient to illustrate all the conditions of the problem, and the inethod. of 
its solution. gato Diet. | 

‘Tt ia evident that, in abo points, the process as thus explained by the 
commentator is discordant with that which the text prescribes, Tho 
latter,,in the first-place, tells us to take, not the sum or diiferenes of the 
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is the true daily motion of the planet to its actual motion during that 
interval. 


6. Of the declinations of the sun and moon, if their direction 
be the same, take the difference; in the contrary case, take the 
sum: the corresponding sine is to be regarded os south or north, 
according to the direction of the moon from the sun. 

प. Multiply this by the hypothenuse of the moon's mid-day 
shadow, and, when it is north, subtract it from the sine of Jat- 
tude (aksha) multiplied by twelve; when it is south, add it to 
the same, * 

8. The result, divided by the sine of co-latitude (/améa), gives 
the base (lAwja), in its own direction; the gnomon is the perpen- 
dicular (kofi); the square root of the sum of their squares 15 the 
hypothenuze. 

In explaining the method of this process, we sliall follow the guidance 
of the commentator, pointing out afterwards wherein he varie) froin 
the strict letter of the text: for illustration we refer to the accompany- 
ing figure (Fig. 32). 

The figure represents the south-western quarter of the oe sphere, 
F 0 ga PET 5 iro (५९1९ iba tea the 
ih distr । plane of the प £ being 
the zenith, ¶ the south point, 
WY the intersection of the 
horizontal and meridian planes, 
and W the projection of the 
west point, Let £ Q equal the 
latitude of the place of obser- 
vation, and let QT and OO be 
the declinations of the sun and 
| moon respectively, at the given 
time: then WQ, ST, and NO 
will be the projections of tho 
equator and of the diurnal cir- 
eles of the sun and moon, Sup- 
| pose, now, the sun to be upon 

~ thé horizon, at 5, and the moon 
to have a certain altitude, being at 11 : draw from M the perpendicular 
to the plane of the horizon ML, and join MS: it is required to know 
the relation to one another of the three sides of the trinngle 5 L M, in 
order to the delineation of the moon's appearance when at M, or at the 
moment of sunset. 

Now ML is evidently the sine of the moon's altitude at the given 
time, which may be found by methods already more than once described 
and illustrated, And SL is eee sed of the two parts 5 N and NL, of 
which the former depends upon the distance of the moon in declination 
from the sun, and the latter upon the moon's altitude. But SN is one 
of the sides of a night-angled triangle, in which the angle > 56 is eq nal 
to the observer's co-latitude, and N 9 to the sum of the sine of declina- 
tion of the sun, ¢4 or Wa, and that of the moon, Ne. Hence 

FOL. ¥I. 4 | 
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| प्रह explained, ण्स is tot ॥ ona 1 
prescribed in the text. We are there directed to caleulate th 
of motion both of the sun and_moon during. the interval between the 
setting of the sun and that of the moon,and, عنمي عاك نقمي‎ them مغ‎ 
the longitudes of the two bodies, to take the ascensio uiralent, of 
the distance between them in longitude, as thus doubly corrected, for 
the precise time of ihe setting of the moon after sunset. In one point 
of view this is false and absurd; for when the sat has once passed the 

horizon, the Interval ‘to the setting of at don will be affected only 
her motion, and not at all by his.” Tn another fight the process does Hot 
Inck reason: the allowance for the aun ne motion 1s equivalent tf क्प 








‘Hon! of the interval frony القت لزه‎ (nak tinge to civil, or'truc solar 


(व्ययः) time, or from’ respirations whidh wre thirty-sit-hantlreths of the 
earth's revolution of ite axa प जाततः هط‎ जठ like ‘ara the time ‘from 
actual sunrise to actual sunrise, But such a modo of Mensaring: tune 15 
unknown ¢lsewhore in this treatise, which defines (i. 11-12 and employ 
sidereal time alone, adding (1. 59) to the sixty [पत्‌ which constitnte a 
sidoreal day so much sidereal time as is néeded to make out the length 
a day that is reckoned by any other method. It seems necessary, 
then, either to suppose ॥ notable blunder in this passace, or to retagnize 
in it such 4 departure from the usual methods of the treatise as would 
show.it to be an imterpolation, Probably the latter is the alternative to 
chosen: it is,.at any rate, का (१ mentater prefers 
Protiounces the two verses be र, 0 1 ع‎ अः fof wer 
and ending at the middle of verse بك‎ te be نمك‎ fetes, send 3' 
the Siddhinta to coniprisy only the first half of werse 2 ad 
of verse 4; these would. form & roth averse clo 
Method and expression with vers ॐ) 
Moon-rise, in, the waning half. 
commentator, ع‎ are justified نآ‎ ` Ree th 
woe 0101 in its protean عد‎ caloniating the 
eating, motion during प्रलीना Jk 
ani that the omission was later जति vet 1 
Other treatise, which reckoned r time 
not, however, explain and OF. 
which, if it has any meanine at} $< 
in the fornwer part of thé aume ae 
Moo are ,مع‎ Hear one another.as to be in the same sien, the discord 
ance oy on distnnees on the ecliptic and their equivalents upon the 
equator my be nezleeted, and the difference of longitude ‘in minutes 
9 for the interval of time in respi 
Tf the time is between pew and full 142 a the object af the process is 
to obtnin the interval, from sunset to the setting of the madn: as beth 
uke place at the weatern horieon, the tyo planeta are transferred to 
a < हात 01010 order to the اباك راكع نا‎ of thetr distance, in asten- 
sion if, on the ober hand, the moon hing passed her full, tlie time af 
1 ik soncht: here the ann alone 16 transferred, by the addition of 
180° to his longitude, to the eastern ho भ tin 'Verae 29 
equation to be applied to the. In ५.४५ f both plane 13 111 ॥£ 
liar Proportion—as sixty nidis dre to the given interval in niidis, go 
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In determining the time of the moon's disappearance in the neighbor- 
hood of the sun, or of her emergence into visibility again beyond the 
sphere of his rays, no new rules are required; the same methods being 
employed as were made use of in ascertaining the time of heliacal set- 
ting and rising of the other planets: they were eee the preceding 
chapter. The definition of the moon's limit of visibility would have 
been ا‎ in order in the other oan ter, but is deferred to this in 
order that the several processes in which the moon is concerned may 
be brought together. The title of the chapter, pragonnatyodhikara, 
“chapter of the elevation of the moon's cusps” (¢raga, literally “horn”), 
properly applies only to that pee of it which follows the fifth verse. 

The degrees spoken of in this yerse are, of course, degrees of time” 
(Aildneds), or in oblique ascension. 

2. Add six signs s to the longitudes of the sun and moon re- 
£ vai ively, and find, as in former processes, the ascensional 3 1111 
alent, in respirations, of their interval (lagndntardsavas): 11 the 
sun and moon be in the same sign, ascertain their interval in 





minutes, 
8. hae ly the daily motions of the sun and moon by the re- 
sult, in 1 and divide by sixty; add to the longitude of each 


the correction for its motion, thus found, and find anew their in- 
terval, in respirations; — 56 ظ‎ 

4. And so on, until the interval, in respirations, of the sun 
and moon is fixed: by so many respirations does the moon, in 





the light halfmonth ८२५६९ ula), go to her setting after the sun, 
6. Add half a revolution _ the sun's igs and calculate 
the corresponding interval, 1 respirations: by so 


8 نرقع 7 : 5 .2 : ظ 
tions does the moon, in the dark halfmonth (Arsinapaksha), come‏ 
to her rising after sunset, |‏ 


The question here sought to be solved is, how long after sunset upon 
any given day will take place the setting of the moon in the crescent 
half-month, or from new to full moon, and the rising of the moon in 
the waning halfmonth, or from full to new moon. The ge neral process 
is the same with that taught in the lost chapter, for obtaining ه‎ like 
result as regards the other planets or fixed stars: we ascertain, by the 
rules of the seventh chapter—applying the correction for the latitude 
9 to its value at the horizon, as determined by the first part of 
vii, ¢ point of the ecliptic which sets with the moon; aniithen the 
distance in oblique ascension between this and the point at which the 
enn set will measure the required interval of time. An additional cor- 
rection, however, needs to be applied to the result of this process in the 
one psi nape a motion, and her co ret pes t per- 
ceptible change of 0 lace between the time of sunset and that of her own 
setting or rising: this is done by calculating the amount of her motion 
during the interval as first determined, and adding its equivalent in ob- 
lique jon to that interval; then calculating her motion anew for 
the increased interval and adding its nscensional equitalent—and so on, 
until the desired degree of accuracy is attained. | " 
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is to be made according to previous rules; the ascertainment of 
the time, in days ete., is always by the daily motion of the sun 
alone. 1 ْ 


This verse should follow क्ण ` after verse 15, to which it at- 
taches itself in the closest manner. THO dislocation of arrangement in 
the latter part of this chapter is quite striking, and is calculated to str 
gest a suspicion of shad 4 lations, । 

The directions given in the verse require no explanation: they are 
just such an adaptation of the processes ey prac ibed to the case 
of the fixed stars as that ma ie in verse 14 of the last chapter. The 

commentary points out again that the calculation of the correction for 
latitude (akshadrékerman) is to be made only for the horizon, or as 
stated in the first half-verse of the rule, 


18. Abhijit, Brahmahrdaya, Svatt, ¥ ravana (odishnava), (ती 
vishtha (rdsava), and Uttara-Bhadrapada (ahirbudinya), owing to 
their northern situation, are not extinguished by the sun's rays. 

Tt may seem that it would have been a more orderly proceeding to 
omit the stars here mentioned from the specifications of verses 12-15 
above; but there is, at least, no inconsistency or inaccuracy in the double 
statement of the text, since some of the stars may never attain that dis- 
tance in पु من‎ ascension from the sun which is there pointed out as 
their limit of visibility, We have not thought it worth the trouble to 
لحر‎ with the calculations, and ascertain whether, according to 

data and methods of this treatise, these six stars, and these alone,‏ غد 

of those which the treatise notices, would never become invisible at 

Ujjayini. It is evident, however, as has already been noticed above 

sess 20-21), that the star called Brahma or ae ef 0 Aurigm) is not 

taken into account, since it is 8° north of Brabmahrdava, and con- 
sequently can not become invisible where the latter does not. 





CHAPTER X, 

OF THE MOON'S RISING AND SETTING, AND OF THE ELEVATION 

OP HER CUSPS. 

Cooresrs :—1, of the beliacal rising and setting of the moon ; 2-5, how to find the 
interval from sunset to the setting or rising of the moon; 6-9, method of deter. 
mining the moon's relative altitude and distance from the aco at sunset; 9, to me- 
certain the measure of the illuminated part of her disk; 10-14, method of delin- 


1. The calculation of the heliacal rising (udaya) and setting 
(asta) of the moon, too, is to be made by the rules already aya, 
At twelve degrees’ distance from the sum she becomes. visible in 
the west, or invisible in the east. | 
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च ستوسصسلسل‎ or y Pegasi (Uttara-Bhidrapadi), is mentioned below 
` (9. 18} among those which are never obscured by the too near श 
of the sm, The stars forming the class which are not to be कह 
within 21° of the sun are all of the fourth magnitude, but they are no 
less distinetly visibleahan بيد‎ ١ those in the preceding class; and in- 
deed, Bharani is palpably more 80, since it contains a star of the ghind 
magnitude, which is perhaps (sée above) to be regarded as its junction 
star. Since Agni, Brahma, A one vatsa, and Apas are not pane men 
tioned, it is to be assumed that they all belong in the class of those 
visible at 17°, and they are so treated by the commentator: the first of 
them (5 Tanri) is n star of the second magnitude; for the rest, sce the 
lnst note to the preceding chapter. (६. 

Some of the भी ent anomalies of this classification ure mitigated or 
removed by making due allowance for the various circumstances by 
which, apart from its absolute brilliancy, the visibility of a star in the 
sun's neighborhood is favored or the contrary—such as its distance atid 
direction from the equator and ecliptic, and the part of the: 9 tic in 
which the sun is situnted during its disappearance. Many of them, 
however, do not admit of such explanation, and we cannot avoid regard 
ing the whole scheme of classification Sisk ow not founded on careful 
and long-continued observation, but hastily and roaghly drawn up in 
the beginning, and perhaps corrupted later by unintelligent imitators 


16. The degrees of visibility (dreyingdis), if multiplied by 
eighteen hundred and divided by the corresponding م‎ 


equivalent (१११४2 तकण), give, ns a result, the corresponding de- 
rees.on the ecliptic (tsetringis); by means of them, likewise, 





1 the time of visilnlity and of invisibility may be ascertained. 
This verse belongs, in the natural order of sequence, not after the pns- 
sage next preceding, with which it has no special connection, but after 
verse 11. Instead of reducing, as taught in that verse, the motions up- 
on the ecliptic to motions in oblique ascension, the “degrees of time” 
(4.1... pds) may = be reduced to their equivalent upon the cor- 
responding part of the ecliptic, and then the time of disappearance or 
of re-appenrance calculated as before, 0 asa divisor the sum of الل‎ 
ference of daily motions along the ecliptic. The proportion by which 
the redaction is made is the converse of that before given; namely, ns 
the ascensional equivalent of the sign in which are the sun and the 
I eae is to that sign itself, or 1800’, مه‎ are the “degrees of visibility” 
dreydngds, or kiddngds) of the rel to the equivalent distance upon 
that part of the ecliptic in which it is then situated. The technical 
name given to the result of the proportion is AsActriingds: Rahetra is lit- 
erally “ field, territo " ९१ and the meaning of the compound may be thus 
paraphrased: “the limit of visibility, in degrees, measured opon that 
part of the ecliptic which is, at the time, the territory occupied by the 
planets in question, or their proper sphere.” | 


17. Their rising takes place in the east, and their setting in 
the west; the calculation of their apparent longitude (drttarman) 


dividing by the rate of approsch or separation of the two bodies the dif- 
Gevine ति distance and that of apparition and on ५ 143 
tion: but the divisor must, of course, be the rate of ‘approach in oblique 
ascension, and net in longitude. The former is derived from the latter 
by the panne, عم ديم‎ i ortion: as a sign of the ecliptic, or 1800", is to its 
equivalent in oblique ascension, ayy by iii, 42-45, مع‎ is the are of 
the ocliptic traversed by each planetina day to the equatorial equiva- 
lent of that are. The daily rates of motion in oblique ascension thos 
ascortained are styled the “ time-motions” (kdlugati), as being commen- 
surate with the “time-degrees” (६५८१६५०). 


12. Svti, Agastyn, Mrgavyadha, Citri, ५ Ponarvasu, 

١ | irteen degrees. 
Mag H Gravana, the Phalgunis, Cravishthi, Rohini, and 
Magh& become visible at fourteen degrees; also Vigdkhi and 


` _ 14. Erttikt, Anuridhfii (méitra), and Milla, and likewise Acle- 
shi and Ardri (réudrarksha), are scen at fifteen degrees; so, too, 
the pair of Ashidhis, 

15, Bharani, Pushya, and Mrgacirsha, owing to their fhintness, 
are seen at Aiki? thee degrees; the rest of the asterisms become 
visible and invisible at seventeen degrees. | 


_ ‘These are specifications of the distances from the sun in oblique as- 
د‎ 4 ion (Aildéneds) at which the asterisms, and those other of the fixed 
state Whose positions were defined in the preceding chapter, make their 
heliseal risings and settin The asterisms we are doubtless to recurd 
كا‎ represtoted by their jonction-stars (vogeldr#), The classification 
here mado of the stars in question, according to their comparative mag- 
nitude and brillinney, is in aay points 9 very strange and unneconnt- 
able one, and by no means caleulated to give us a high idea of the 
intelligence and care of those by whom it was drawn up, ‘The first 
class, comprising such as are visible ito distance of 12° from the sun, 
is, indeed, almost wholly composed of stars of the first magnitude: one 
(णुः (0 Geminorum), being of the first ما‎ second, and متها‎ 
ing ae its fellow one of the first (a Geminorum). But the second 
class, that of the stars visible at 14°, also contains four which are of the 
first magnitude, or the first to second; عه‎ Aldebaran (Rohini), 
Hegulus (Maghi), Deneb or 6 Leonis (Uttari-Phalgun!), and Atair or 
५ Aguile (Vravana); and, along with these, one of the second to third 
ण 1111016, 3 045 (Parva-Phalenni), three of the third, and one, 
ela - Vighkha), of the fourth. In this last case, however, it might 
be posible to regard @ Libre, of the second magnitude, as the star 
which is made to पकक the visibility of the asterism, Among 
the stars of the third class, again, which mre visible at 15°, is one, 
a Orionis (Ardra), which, though > variable star, does not fall below 
the first to second magnitude ; while with it sre found ranked six stars 
of the 56 magnitude, or of the third to fourth. The class of those 
which are sath at 17°, and which are left unspecified, contains two 


stars of the fourth magnitude, but also two of the second, one of which, 
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` Before going on to explain how, from the result thus obtsined, the: 
time of the planet's disappearance or yy rae nearance may be derived, the 
text defines the distances from the sun, in oblique ascension or “degrees 
of time,” at which each planet is visible, 

6. The र rees of setting (व) are, for Jupiter, eleven; 
(21: 10560 ; for Mars, moreover, they are seventeen : 

i. Of Venus, the थ in the west the rising in the east 
take place, by reason of her greatness, at eight degrees; the 
‘setting in the east and the rising in the west occur, owing to her 
inferior size, at ten degrees : | 

8. So also Mercury makes his setting and sing at a distance 
from the sun of twe ce or fourteen degrees, according as he is 
retrograding or ae advancing. 

9. At distances, in degrees of time (MilabAdqis), greater than 
these, the planets become visible to men; at less distances they 
become invisible, their forms being swallowed up (grasta) by the 
brightness of the sun. 

The moon, it will be noticed, is omitted here; her heliacal rising and 
setti ng are treated of at the beginning of the next following chapter. 

Tn the case of Mercury and Venus, the limit of visibility is at agronter ` 
or less distance from the sun according as the planet is approaching its 
inferior or mapas اط و‎ the diminution of the illuminated por- 
tion of the disk being more than compensated by the enlargement of 
the disk itself when seen so much nearer to the earth, । A 

Ptolemy treats, in the last three chapters (xiii. els of his. work, of 
the disappearance and reappearance of the planets in the neighborhood 
of the sun, and defines the limits of visibility of eich planet when in 
the sign Cancer, or where the equator and ecliptic are nearly parallel, 
His limits are considerably different from those defined in our text, being, 
for Saturn, 14°; for Jupiter, 19° 450; for Mars, 14° 30' : for Venus and 
Mercury, in the west, 5° 40° and 11° 30° respectively. 

10. The difference, in minutes, between the numbers thus sta- 
ted and the planet's degrees of time (वाद), when divided by 
the difference of daily motions—or, if the ए lanet be retrograding, 
by the sum of daily motions—gives a result which is the time, in 
days ete. 

` 11. The daily motions, multiplied by the corresponding ascen- 
sional equivalents (tallagndsaves), and divided by eighteen hun- 
dred, give the daily motions in time (Avila, by means of these 
18 found the distance, in days ete., of the time past or to come. 

Of these two verses, the second prescribes so essential a modification 
of the process taught in the first, that their arrangement might have 
been more properly reversed. If we have ascertained, by the previous 
rules, the distance of a planet in oblique ascension from the enn, and if 
we know the distance in oblique ascension at which it will disa प or 
re-appear, the interval between ree moment and that at which dia- 

place may be readily found by‏ ع 
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upon the interval of time by which its setting follows, or its regis oes 
cedes, that of the sun, or upon its distance from the sun be oblique 
ascension; to the neglect of those other circumstances—as the declina- 
tion of the two bodies, and the distance and direction of the planet 
from the ecliptic—which mony फी the limit of visibility as thus 
defined. The ascertainment of the distance in oblique ascension, then, 
is the object of the rules given in these verses. In explaini i ae 
pg of the process, we will consider first the case of a caleulation 
ide for the eastern horizon. The time of sunrise having been deter- 
mined, the trae longitudes and rates of motion of the sun and the planet 
6. question are found for that moment, as also the [पावर 1 197९६ 
ley the latter's removal in latitude from the ecliptic, it will not 
nat ह horizon at the same moment with the point of the ecliptic 
which determines ita longitude, and the point with which it does actu- 
ally rise must be party ta separate process, This is accomplished 
by calcnlating the eppares parent lo र tude of the planet, according to the 
method taught in the seventh “nh 7, There is nothing in the lan- 
gust च of the text which indicates that the calculation is not to be made 
| fall, ais there prescribed, and for the given moment of sunrise: as so 
conducted, however, it would evidently yield an erroneous result: for, 
the planet being above the horizon, the point of the ecliptic to which 
it is then referred by a circle through the north and south points of the 
horizon is not ९.५ one to which it was referred by the horizon itself at 
te । the moment of its own ars, The commentary removes this difficulty, 
by ` दक the akshadrkkarman, or thst part of the process 
whieh gives the correction for latitude, is to be performed “only as 
taught in the first half-verse"—that is, nee to the former part of 
vil. 5, Which contains the rule for determining the nmount of the corree- 
tion at the horizon—omitting the after वथु by which its value is 
made a correspond to eee altitude of the planet at the given time. 
Having lis ascertained the points of the ecliptic which rise with the 
क sim and with the planet respectively, the corresponding equatorial inter- 
val, or the distance of the planets iff oblique ascension, 18 found by 3 
rile already given (iii. .(0ة‎ The result is expressed in respirations of 
sidereal time, which are equivalent to minutes of the equator (see above, 
i, 11-12); thoy are reduced to degrees by dividing by sixty: and the 
degrees thus found receive the technical name of “ time-degrecs” 
(कम ,ملعم‎ kalabhagda); they are معلم‎ called below “degrees of actting” 
, شاعم‎ ५८१) and amare ces of visibility” (dirpydingds). | 

Tf the planet for which the calculation is made has greater longitude 
than the sun, the process, bein : adapted to the time of sunset, and to the 
western horizon, requires 9 १९४६ modification, owing to the fact that the 

equivalents of the signs in oblique ascension (iii- 42-45) are given only 
as measured at the eastern horizon, Since 180 degrees of the ecliptic 
are always above the horizon, nny given point of tha echiptic will set ot 
the same moment that another 180° distant from it rises; by adding, 
then, six signs to the calculated positions af the sun and the planet, aod 
140, the eur ‘elena of the two points so 
भी be determined. setting that of the planet 
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CHAPTER IX. 
OF HELIACAL RISINGS AND SETTINGS. 


Coxrmets:—1, subject of the chapter; 2-3, under what circumstances, and at which 
horizon, the planets rise and set beliacally ; 4-5, method of calculating their معلل‎ 
tances in oblique ascension from the sun; 6-9, distances from the sum at which 
they disappear and re-appear; 10-11, how to find the time of beliacal setting or 
rising, past or to come; 12-15, distances from the sun-at which the asteriams and 
fixed stars disappear and reappear; 16-17, mode of determining their times of 
rising nnd setting; 18, what nsterisms and stars never set beliacally 


1. Now is set forth the knowledge of the risings (udlaye) and, 
settings (asta) of the न bodies of inferior brilliancy, 
whose orbs are overwhelmed by the rays of the sun. 


The terms used for the heliacal settings and risings of the heavenly 
bodies, or their disappearance in the anes saeco! oe their return 
to visibility, are precisely the same with those employed to denote their 
rising (adaye) and setting (वयव, esfamaya, ग) 6 ४ above and below 
the horizon. Tho title of the chapter, wdaydstidhikdra, is literally 
translated in our heading. 


2. Jupiter, Mars, and Saturn, when their longitude is greater 
than that of the sun, go to their setting im the west; when.it 1s 
less, to their rising in the east: so likewise Venus and Mercury, 
when ود‎ este 2 

3. The moon, Mercury, and Venus, having a swifter motion, 
go to their setting in the east when of less longitude than the 
sun: when of greater, to their rising in the west. 

These specifications are of obvious meaning and evident correctness 
The planets which have » slower motion than the sun, कात 50 are over- 
taken by him, make their last appearance in the west, after sunset, aud 
emerge again into visitility in the east, before sunrise: of those which 
move more rapidly than the sun, the coutrary is true: Venus and Mer- 
مده‎ belong to either class, according as their apparent motion is retro- 
grade or direct. 

4. Calculate the longitudes of the sun and of the planet—in 
the west, for the time of sunset; in the east, for that of “sunrise — 
and then make also the calculation of apparent longitude (बया 
man) of the planet | 

١ 5. Then the aseensional equivalent, in ie sre of the in- 
terval between the two a strate Ht will give, when divid- 
ed by sixty, the degrees of time (irdidingds); or, in the west, the 
ascensional equivalent, in respirations, of the interval between 
the two when increased och 6 क Six signs. 

_ Whether a planet will or will not be visible in the west after. sunset, 
or in the east before sunrise, is in this treatise made to depend solely 
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situated directly between Spica and ,ل‎ and at such a distance from each 
a8 shows almost beyond question that it is thestar intended: ` 
Apimraten + = = = 176° 45’ =» SO. 0 
Virgie). = = 2759 ee 1*5 

It is not less diffien!t in this than in the former case to account for the 
selection of these stars, among the hundreds ^ or excelling them 
in brillian oy as objects of special attention e astronomical observers 
of ancient India. Perhaps we have here only the seattered and discon- 
nected ata of a more complete and ly Ore of stellar a:- 
tronomy, which flourished in India before the scien reconstruction of 
the Hindu astronomy transferred the fleld of Inbor of the astronomer 
from the skies to his text-books and his tables of calculation, 

The annexed tabl 4 a comparative view of the positions of the 
seven stars spoken of in this and a ए passage (vv. 10-12) هد‎ 
defined by our text and as determined by modern observers 


Positions of certain Fixed Stars 
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The groes errors in the determinations of position of these stars give 
us a yet lower ides of the character of Hindu observations than we 
derived from.our examination of the junction-stars of the asterisms. 

The essay of Colebrooke in the ninth volume of the Asiatic Re- 
searches, to which we have already so often referred, gives farther infor- 
mation.of much interest respecting such matters connected with the Hindu 
astronomy of the fixed stars as are without notice in our treatise 
He states the roles laid down by di ~ authorities for calculating the 
time of heliacal rising of Agastya, or Canopus, upon which depends the 
“sae of certain religious ceremonies, He also presents a view of 

Hindu doctrine of the Seven Sages, or rahis, by which name are 
known the bright stars in Ursa forming the well-known constella- 
tion of the Wain, or Dipper stars the ancient astronomers of 
India, and many of the modern upon their authority, have attributed an 
ae ey dent motion about the pole of the heavens, at the rate of 8" yearly, 
or of 8 complete revolution in 2700 years. The Strya-SiddbAnta alludes 
in a later passage (xi. 9) to the Seven Sages, but it evidently is to be 
understood ऋ rejecting the theory oftheir proper motion, which is also 

by the Siddhan That so absurd a d should 
have originated and gai pol currency in India, and that it should 
stil! maintain iteelf in man the astronomical text-books, is, however, 
too striking and significant م‎ circumstance to be left out of sight in esti- 
mating the character of the ancient and native Hindu astronomy. 
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(scoording to Colebrooke) the Bralhima-Siddhintn; only the latter’ of 
them, Apas, is omitted by the Grnha-Laghova, being noticed in’ the 
० alone. ` व fairly be questioned, for the reason re- 
marked above, whether the original text of our treatise itself contained 
the last two verses of this chapter: moreover, at tho end of the next 
i سدم‎ ter (ix. 18), where those stars are spoken of which never set heli- 
wally, on account of their high northern situation, Prapipati is not 
mentioned among them, as it oaght to be, if its position bad been pre- 
viously stated in the treatise. Still farther on (xiii. 0), in the deserip- 
tion of the armillary sphere, it is referred to by the name of Brahma, 
With, Seon tH the commentary on this passage, and to Colebrooke, 
it also customarily bears. Perhaps another evidence of the unauthen- 
ticity of thagpassace is to be seen in the اعم‎ that the two definitions of 
lar lotigitude of Prajipati do not, if taken in connection with verse 
11, appear ee roe with one another: a star which is 5° east from the 
ition of Brahmahrdaya, os there stated, is not “at the end of Taurus,” 
ut at ite twenty-serenth degree : this may, however, be merely an inac- 
curate expression, intended to mean that the star is in the latter part, or 
nenr the end, of Taurus. The Graha-Lighava, which defines the posi- 
tions of all these stars direct] 5 by degrees of polar longitude اسه‎ lati- 
tade, and not by reference cither to the signs or to other stars, eee Pra- 
japati 61° of polar longitude, or 5° more than it assigned to Brahmahr- 
daya: it also-adds 1° to the polar latitudé as stated in our text. Tho 
star referred to can hardly be any other than that in the head of the 
Wagoner, or ठ Auriga (4): 
Prajipati. . , , 67211! 2... 36 do’ प. 
ठ Aurige = , . Gy? 54". . . . 30° dg’ प. 

The error of latitude ia about the same with that which was commit- 
ted with reference to Brahmahrdaya, or Capella. Why so faint and in- 
conspicuous a star should be found amo ng the few of which the Hindu 
astronomers have taken particular notice 1s not easy to discover, 

The position of the star named Apdmvatsa, “ Waters!’ Child,” is चह 
seribed in our text by reference to Citrh, or Spien Virginis: it is anid to 
be in the same longitude, 180°, and 5° farther north; and this, since 
(प) itself iain lat. 2° §., would a the lntitude of Ap&mvatsa 3° N 
The Graha-Laghava gives it this latitude directly, and also makes its lon- 
gitude agree with that of Spica, which, as प dang it places at 
the distance of 163° from the ongin a the sp Apas, * Waters” 
(the commentary, however, treats the word as singular masculine, Apa), 
is put 6° north of ApAmvatsa, or im lat. 0° N. It is identified by Cole 
brooke with 3 Virginis (3), and doubtless correctly : 

Apas se क som © ro 33° == oe a” io A; 
3 Virginia = = = = 1719 a8! oo. =-= 89 38 Wy, 

Colebrooke pronownees Apimvatea to comprise “the nebulous stars 

marked b 1, 2, 3” in Virgo. We can find, ०४४ no such stars प्रणा 





any map, or in an ical tam eae to يقن‎ nnd hence presume that. 


Colebrooke mast have been misled here by some error of tha الا‎ 
on which he relied. There is, on the other hand, a star, 2 Virginis (4 


ود 1 ,~~ ند 





in which itis questionable which star is meant ما‎ be pointed out in ॐ 
group of which: the ecktakainson 34 ‘ot doubtful, owing to the very near 
correspondence of more than one star with the position os defined.” And 
ouce more, where, ina single instance, 9 special effort has i ame 
been made to fix the position of the junction-star beyond. all doubt or 
eavil, the result is a failure; for it still remains a matter of dispute how 
the description is to be understood, and which menber of the group i. 
intended, The case-referred to is that of Hasta, which occupies nearly 
all of verse 17. That Colebrooke was not satisfied as to the ncaning of 
the description is clear from the fact that he specifies, ns the star referred 
to, ^} or 0 Corvi.” His translation of the verse, “2nd W, of Ist N.W,", 


conveys to us no intelligible meaning whatever, as applied to the actual 


roup. He evidently understood pareimotiaratdrdyé asa single word, 
landing by euphony for -térdyds, ablative. of -tdrd, Our own render 
ing supposes it divided into the two independent words pareimotta- 
ratard yd, or the three papeimd ullaratdrd ya This interpretation is, in 
the first place, رج‎ the corresponding Sate © in the Cikalya- 
Sanhita, which reads, “of Hasta, the north-western (vdyaei): it is also 
the second western.” Aguin, it ape without difficulty to one of the 
which ष ` ink most likely to be the 

pointed out—and mainly, because either of the others would admit 





of being more simply and briefly designated, 2 as the northern, 9 as the 


eastern, @ as the southern, and ع‎ as the western star. We should, then, 


व + the description قم‎ unambignons, were it not for what is farther 
46 १1 $ 


“being the second situated westward :” for † is the first or moat 


owesterly of the five in longitude, and the third in right ascension, while 


the second in longitude nnd in right ascension respectively are the two 
faint stars م‎ anda. We confess that we do not see how the difficulty is 
tye eolved without some emendation of ص‎ text 

1 त conceive ourselves:to be justified, then, in regard Ing this passare 
ns of doubtful authenticity and (पम authority: جه‎ already partaking, 
in short, of that ignorance and carelessness which has rendered. the 
Hindu astronomers tinable, at any time during प t thousand कुला) 
to point out in the heavens the complete series of the gr णमा of stars 
composing their system of asterisms, None of. the other authorities 
accessible to us gives a rant tion of the relative places of the junction- 
stars, excepting the Cakalya-Sanhita; and our manuseript of its text is 
so defective and corrupt at this point that we are able to derive from it 
with confidence the positions of only about a third of the stan. So 
far, it nccords with the Sirya-Siddhanta, save that it points out as the 
jeuction-star of Parva-Ashidh’ the brightest, instead of the northern- 


most, member of the group ; and here there is a difference in the mode of 


designation only, and not a disagreement as regards the star designated. 
20. Situated five degrees enstward from Brah mahrdaya is Pra- 
14091: it 15 at the end of Taurus, and 48 -eight degrees north. 
21 iets mvatsa 15 five degrees north from Citri: somewhat 
greater than it, as also six degrees to the north of jit, is Apas. 
The stars whose oi itions are defined in this passage are not 
ntioned in the QAkalywSanhith, nor in the Siddh&nta-Ciromani and 





stars in the group, namely to بز‎ 
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to be nsed as divisor in determining the place and time of the conjunc- 
tion—is duly noticed. _ | 

Tho inaccuracies in the Hindu process for determining apparent, lon- 
gitndes, which, as above noticed, are kept within bounds, where the 
planets alone are concerned, by the small amount of their latitudes, 
would be liable in the case of many of the asterisms to lead to grave er- 
rors of result, 





16. Of थः unis, the two 58 म is, and likewise 
the two Ashidhda, of Vicdkh&, Acvini, and Mrgacirsha (edumya), 


the junction-star (yogatiird) is. stated to. be the northern (uttara); 

17. That which is the western northern star, being thesecond 
situated westward, that is the junction-star of Hasta; of Qra- 
ae Otic ha, Cra Anuridha (maitre), and Posh 

eshithii, Vana, hit (meautre), 0 hya 
(Kirhaspatya), it is the middle star: of Bharani, Krttiki (dgneya), 
and Maghii (pitrya), and likewise of Revati, it 1s the southern: 

19. OF Ro hini ut, Punarvasu (aditya), and Mila, it is the eastern, 
and so also of Acleshi Seta in the ease of each of the others, 
the junction-star (vogattrakd) is the great (stifle) one. 

We have had oceasion above, in treating of the identification of the 
asterisms, to question the accuracy of some of these designations of the 
relative position of the junction-stars in the groups containing them. 
We do not regard the passage xs having the same suthenticity and 
authority with that in whieh the determinations of the polar are ce rita 
and latitudes are given; and indeed, we are inelined to suspect that all 
which follows the fifteenth verse in the chapter may be 9 later addition 
to its original content. It is difficult to see otherwise why the state- 
ments given in verses 20 and 21 of the positions of certain stars should 
be separated from those presented above, in verses 10-12, A designa- 
tion of the relative position of the junction-star in each group ought also 
properly to be connected with a definition of the number of stars com- 

ng each, and a description of its configuration—such as are presented 

along with it by other treatises, as the Qakalya-Sanhiti. The first is even 

in some points ambiguous unless accompanied by the others, تود‎ there 
: postion 1 






are cases in which the same star عمط‎ a nt pot ik 
according as the latter is to be regarded as including a less or a greater 
number of stars, In this respect also, then, the passage looks like a dis- 
connected fragment. Nor is the method of designation ep clear and 
systematic as to inspire us with confidence in its accuracy. Upon a 
consideration meee whole series of asterismns, it جم‎ Het that the 
brightest. member of each group is generally selected as its junction-star. 
Hence we should रै expect to a general ral role to that: effect laid down, 
and then the exceptions to it specially noted, tog with the cases in 
which such 9 designation meet} be equivocal. Instead of this, we have 
the junction-stars of only two asterism peaeur ing more than one star, 
‘namely eit att Qatabhishaj, described by their و‎ eon & lianey, 
while that of the former is not lees capable of क FY + pointed out by 
position than are any of the others in the series. Again, the ^. 
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the wain. The latitude of its stars, ngain, varies from 25-801 (#) to 5° 
47' (ॐ) 8. ; hence, to come into collision with, or to enter, the wain, a 
planet must have more than two degrees of south latitade, The Sid- 
dhinta does not inform us what would be the consequences of such an 
ovcatrence: that belongs rather to the domain of astro ner than of as 
tronomy. We cite from the Paficatantra (vv. 235-241) the following 
description of these consequences, derived from the astrological writings 
of Vardha-milira:* 

+ When Saturn splits the wain of Rohini here in the world, then 
Midhava mins not upon the earth for twelve years. 

“When the wain of Prajipati’s asterism is split, the earth, having 

it were committed a sin, performs, in a manner, her surince being 





“When the moon is stationed in the midst. of Robin\’s wain, then 
men wander recklessly about, deprived of shelter, eating the cooked 
flesh of children, drinking water from vessels burnt by the sun.” 

| द Upon what conception this curious feature of the ancient Hindu as- 
trology is founded, we are entirely ignorant. | 

14. Calculate, asin the case of the planets, the day and night 
of the ssterisms, and perform the operation for apparent long- 
tude (drkkarman), as before: the rest is by the rules for the con- 
junction (melaka) of planeta, using the daily motion of the planet 
@eadivisor: the same is ne case as regards the time. 
15. When the longitude of the planet is less than the polar 
longitude (dhruvaka) of the asterism, the conjunction (yoga) 18 to 


come; when greater, it 15 past: sorte the planet is retrograding 
nized as true of the con- 





` الود عرد‎ the contrary is to ber 






tion of two pao ets with न حل‎ another apply, of course, व | ¢ertain mod- 
‘ifieations, to the caloulation of the conjunctions of the planets with the 
asterisma ‘The text, however, omits to specify the most important of 
these modificatious—that, namely, in determining the wed pgp na 
tude of an asterism, one part of the process prescribed in the case of 8 
planet, the eyanadrkkarman, or correction for exli ee deviation, is to be 
omitted altogether; since the polar longitude of the asterism, which 15 
Be plane wat character with the dyana grado, or longitude of 
: et as affected by ecliptic’ deviation, which must be ascertained 
= the ayanadritarman. The commentary notices the omission, but 
¢ neither explanation nor exense for it. The other essential modifi- 


cation—that, the asterism being fixed, the motion of the planet alone is 


नि In the third of the verses, bowever 
‘the reading of the mae ` preferable to 
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with the कपिर] positions of the stars in the heavens. And we would 
regard the other interpretation as forced upon the poseage by the com- 
mentators, in order to avoid the difficulty pointed out by us above (near 
the end of the note on the last passage but one) and to free the Sid- 
dhinta from the imputation of لاي‎ neglected the precessional varia- 
tion of the circles of declination. M. Biot pronounces the method of 
observation explained by the commentators “almost impracticable,” 
and it can, edinglyy hardly be that by which the 4 1117118 of the os 
terisms were at firet لاثما‎ down, or by which the ८ could be made to un- 
aces the necessary corrections, Another method, more in accordance 
with the rules and processes of the third chapter, and which appears to 
ns to he more authentic and of higher value, is described by Colebrooke 
كل‎ ५११) from the SiddbAnta-Sarvabhinma, being there cited from the 
iddbinta-Sundara ; it is as follows : 

“A tube, adapted to the summit of the gnomon, is directed toward 
the star on the meridian: and the line of the tube, pointed to the star, 
is prolonged by a thread tothe ground. The line from the sommit of 
the gnomon to the base is the hypothenuse; the height of the gnomon 
is the eh eter ; and its distance from the extremity of the thread 
is the base of the triangle. Therefore, as the hypothenuse is to its base, 
مع‎ is the radius to a base, from whieh the sine of the angle, and conse- 
quently the angle itself, are known. If it exceed the latitude [of the 
place of observation | the declination is south; or, if the contrary, it is 
north. The right ascension of the star is calculated from the hour of 
night, and from ‘the right ascension of the sun for'that time. The decli- 
nation of the corresponding point’ of the ecliptic being found, the sum 
or difference of the declinations, according as they are of the same or of 
different denominations, is the distance of the star from the ecliptic, The 
longitude of the same point is computed ; and from these elemonts, with 
the actual precession of the equinox, may be enleulated the true | ong रं 
नः ५ star; عد‎ also its latitude on م‎ circle passing through the poles 
of the ecliptic. 

The SiddbAnta-Sarvabhiuma also gives the trae longitudes and lati- 
tudes of the asteriams, poner thus obtained by observation and 
calculation, and they are reporte by Colebrooke ‘in his general table of 
data respecting the nsterisms. | 

Lf we are not mistaken, the amount and character of the errors im the 
stated latitudes of the usterisms tend to prove that this, or some kindred 
process, was that by which their positions were actually determined. 
18. In Taurus, the seventeenth degree, a planet of which the 
latitude is a little more than twé degrees, south, will split the 


wain of Rohini 
The asterism Rohini, as has been seen above, is composed’ of the five 


princi pe 1 stars in the head of Taurus, in the constellation of which ‘is 


~ seen the figure of a wain. The divinity is Prajdpati. The distances of 


its stars in longitude from the initial point of the sphere vary from 43° 
40 (7) ‘ye 49° 45 (५) ; hence the سيا‎ degree of the second 
sign—t “कैः gkoning commencing at the initial point of the sphere, taken 

id 9 with the vernal equinox—is very neatly the miidte of 
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What is the مدعا‎ meaning and scope of this passage, is « question with 
regard to which there may be some‘difference of opinion. The com- 
mentator explains it as intended to satisfy the inquiry whether the polar 
longitudes and latitudes, as stated in the text, are constant, or whether 
they are subject.to variation. Now although, he says, owing to the 
precession, the values of these quantities are not unalterably fixed, yet 
they are given by theytext as they were at its पक and as 7 they were 
constant, while the astronomer is directed to determine them for bis own 
time by actual observation. For this purpose he isto take such a ग 
aa is described below (chap. xiii}—of which the principal parts, and the 
only ones which won i be brought into nse in this process, are hoops or 
cireles representing the colures, the equator, and the ecliptic—and ts to 
suspend upon its poles an additional movable circle, ! प 91191541 to de- 
grees: this would be, of course, # revolving eircle of d@elination, The 

no cre is next to be adjusted in such manner that its axia shall point to 

pole, and that its horizon shall be water-level. Then, in the nigh hit, 
the junction-star of Revat! (ट Piscium) is to be looked at through a hole 
in the centre of the instrument, and the corresponding point of the 


ecliptic, which is 10’ east, of the end of the constellation Pisces, is to be 


beng over it; after that, it will be necessary only to bring the revolv- 
tle of declination, as observed ا‎ the hole in the centre of 
the instrument, over te other star of which it is desired to determine 
। ae a longitude and latitude may be read off directly 
upon the ecliptic and the movable circle respectively. कै 
“@olebrooke (As. Res., ix. 3265 Essays, it, 324) found this passage 
similarly explained in other commentaries upon the Sarya-Siddhanta to 
which he had access, and also met with like directions in the commen- 
taries on the Siddhints-(Hromani. 
There are, however, very serious objections to such an mterpretation 









of-the brief direction contained in the text. It is altogether inconsist- 


ent with the whole plan and method of a Hindu astronomical treatise to 
Jeave, ond “parte order, matters of this character to be determined by 
observation. Observation has no such important place assigned to it in 


the astronomical system: with the exception of terrestrial longitude and 
‘Jatitude,; which, in the nature of things, are beyond the reach of a trea- 


tise, it is intended that the astronomer should find in Ins text-book every- 


thing which he needs for the determination of celestial phenomena, and 


should resort ما‎ instruments and observation only by way of illustration. 
The sphere of which the construction. is prescribed in the thirteenth 
chapter is not an instrument for observation: it is ex cron stated to be 
“for the instruction of the pupil,” and it is encumbered with such a 
ntimber and variety of different circles, = parallels of declination 
for all the asterisms and for the observed fixed stars, that it could. not 
be nsed-for any other purpose: it will be. noticed, too, that the com- 


quentary is itself obliged to order here the addition of the only appli- 


ances—the انايد‎ cirele of declination and the hole through the cen- 
tre—which make of it an instrument for observation. The simple and 
original meaning of the passage seoms to be that, having constructed a 
= ere in the manner to be hereafter described, one may examine the 


laces of the asterisms as marked upon it, and note their coincidence 


f os विः 


الى 


4 
श्र = 


viii. 12.] Sérya-Siddhénta. 357 


most brilliant im the southern heavens Its remote southern | 
only 37° from the pole, renders it invisible toan observer stationed much 
to the northward of the Tropic of Cancer, Its Hindu name is that of 
one of the old Vedio كلدم‎ or gr Ta وعد‎ The comparison of ite. 
true position with that assigned it by our text—which, in this instance, 
does not require to be reduced to प्राह longitude and latitude—is 


follows: 
5 ١ ع اذا اميه‎ = = go? of Bo? "هن‎ 8. 
5 بسوممت‎ 1 =.» «1s 75° So! 

The शाता छ position is herewery considerable, and the variations of 
the other authorities from the data of our text are ia Brest: 
The Siddhinta-Ciromani and (according to Colebrooke) the 
Siddhfinta Agastya 87° of ‘polar longitude, and 77° of latitude, 
which is > न्निः appro: on to the truth: the Groha-Lighava also 
places it correctly in Int. 70° S., but makes its longitude only 80°, which 
सी 1 न य ras the ' 
irec © Cakalya-San agrees with our treatise as 
the ant rose of these four stars, as it does: generally in the: 
numerical data of ite netronomical system. 
ale د‎ 105, “deer-honter"—it is also called Lubdhaka, “ hunter"— 
8 Majoris, or Sirius, the brightest of the fixed stars 
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Mpgaryidha oq? 93 7 og? 5a" 8, 
Sir... الا ا‎ 849 = 39” 31: 8 


Here, while all authorities agree with the correct determination of the 
latitude of Sirius presented by our text, the SiddbAnta-Giromani ete. 
greatly reduce its error 1د‎ de, by giving the star 86", instead of 
80, of polar longitude: the Graha- reads 812 

The star n cod of fire, Agni, and called in the text by 
ane of his frequen i epithets तषा, “ devourer of the sacrifice,” £ 
one which = situated at the extremity of the northern horn of the Bull, 
or قم‎ Tauri: it alone of the four is of the second magnitude only 








Agni क ज = #16 54? 5 ~ 49 
Tauri 39 334 +. 59 .37د‎ 8 
The fee error in the determimation of the longitude of this star 
is but sligh y reduced by the Graha-Laghava, which gives it 53°, instead 
of 52°, longitude. The Siddhinta-Ciromani and Brahma-S 
11 of any of the fixed stars excepting Canopus and 
(1 १ 
Brahmahrdaya, ^ Brahma’s heart,” is a Aurige, or Capella 
Brahmabrdaya 62० ag? 28° 4) तं 
Capella. ~~ = = Gr So" + = 22° ५" 8H 


The Graha-Lighava, leaving this erroneous determination of Intitade 
unamended, adds a pe error of longitude, in the opposite direction 
to that of our text, Aa iba more of polar tude. 

We shall present t व the end of the 

apter, in connection with the other passage of: similar import. 


Havin धु धज 8 : 8] ॥ छा, one Fy ates examine the 
corrected (spina) latitude and polar longitude थीः 
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employed by the Hindaa for this purpose, such ॐ determination of date 


cannot, indeed, be relied upon assexact or conclusive, yet it is the best 
and surest that we can attain, The general conclusion, at any rate, 
stands fast, that the positions of the junction-stars of the asterisms were 
fixed not far from thatime when the vernal equinox coincided with the 
initial point of the Hindu sidereal sphere, or during the sixth century 
of our era, ५ ظ‎ 
Sinee, according to the Hindu pares + the initial point of the sidereal 
wehbe also, for all time, the mean place of the vernal equinox, which 
wars reverts-te it after a libration of 27° in either direction (see above, 


wii. 9-12), we are not surprised to find the नः of the asterisms pri- 


ci ily defined 5४ u the supposition of their coincidence. But it is not 
a little strange ut the effect of the precession in altering the direction 
of the circles of declination drawn through the junction-stars, and مه‎ the 
polar longitudes and latitudes of the latter, should be made no account 
of (see, however, the latter half of@r. 12, below, and the note upon it i 
and that directions for calculating the conjunctions of the plancts wit! 

the-asterisms according to their positions as thus stated should be given 
(vy. 14-15), unaccompanied by न hint that a-modification of the data 
of the process would ever be found necessary. This carelessness 15 per- 


haps to be regarded as an additional evidence of the small importance 


attached, after the reconstruction of the Hindu astronomy, te caletla- 
tions in which the asterisms were concerned; although it also tends 
strongly to prove what we have suggested above (note to iii, 9-12), that 


in the construction @f the 1101 astronomical system the precession was 


1 : altogether. It is to be notived that the two systems of yoges (sen 
ove, ii, 65, and additional note upon that passage), originally “gal ded 





upon actual conjunctions with the asterisms, have been divorced from 


any real connection with them. र ke consideration might restrain us 
from accepting the determinations of position here presented as the best 
results which Hindu observers and instruments were capable of attaining ; 
yet, in the absence of other tests of their 2 were, wo ennnot well help 
drawing the conclusion that the accuraty of a Hindu observation is not 
to be relied on within a degree or काठ, 
, 10. Agastya is at the end of Gemini, and eighty degrees south ; 
and Mi: Mige aa is situated in the twentieth 4 مه‎ of Gemini; 
` 11. His latitude (vitstepa), reckoned from his point of declina- 
tion (cpa krama), is forty degrees south: Agni (hufabhuj) and Brah- 
rdaya are in Taurus, th 1¢ twenty-second degree ; ~ 
19, And they are removed in latitude (viks/ipia), northward, 

eight and thirty degrees respectively. = = + 

Ju connection with the more proper subject of this chapter we nleo 
have laid before us, here and poy ا سرت‎ | i passage (vv, 20-21), the 
defined positions of a few fixed stars which are not included in the sys- 
tem of zodiacal asterisms, The definition is made in the same manner 
as before, by polar longitudes and latitudes, It is not at all difficult to 
jdentify the stars referred to in these verses; they were لعافتي‎ pointed 
out by Colebrooke, in his article already cited (As. Res., vol. ix), Agne- 
tya is ه‎ Navis, or Canopus, a star of the first magnitude, and one of the 
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न ~न 
وجا هذ اه‎ oe g the stars place مما‎ far to the north, 
The column of errors in longitude, on the other hand, shows a:very 
marked preponderance of minus egrors, their sum being 33° 54, while 
the sum of plus errors is only 7°52. Upon taking the difference of 
these sums, aud dividing it by twenty-eight, we find the sree 

of longitude to ba ~ 58, the greatest deviation from it in either di tion 
being عق‎ 4" and + 3°. 27!".. So far as this goes, it would indicate that # 
the Hindu measurements of position were made from a vernal equinox 
situnted about 1° to the eastward of that of A.D. 560, and so at a time 
seventy years previous to the date we have assumed for them, or about 
A.D. 490. In.our present ignorance of the methods of observation 
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® 10 a comparison in which a high degree of exactness was desired, and was not, । 
ia the nature of the case, unattainable, it-would of course be necessary to take into : 
pocount the proper motions of the stars compared, This we have not thought it * 
wart walle, لك‎ tae. proses وني برا‎ 2 We remark, however, that, the ١ 
i the = क arth sect uly tha र ` 
any other in the series; and that, if this were allowed for, तल te ite + ° = 
determined by Main (Mem, Rey, Astr. Soc, vol. xix, 4१०, 1841), the Hinda error of =_— 
longitude would be diminished 22", beat that inceensed. about 05' 
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Othors allow it ashore in the proper oe of the two neighboring 
asteriams : thus the Mubtirta-MAIA, a late work, of date unknown to us, 


says: “the last quarter of Uttara-Ashidhi and the first fifteenth of 


¢ ravana topether constitute Abhijit: it is so to قط‎ कल्ल when 
twenty-cight asteriame are reckoued ; not otherwise.” Ordinarily, how- 
ever, the division of the ecliptic into twenty-seven equal “ portions” is 
made, and Abhijit is simply passed by in their distribution, After the 
introduction of the modern method of dividing the cirele into degrees 
and minutes, this lust way of settling the difficulty would obviously re- 
ceive a powerfnl support, and an increased currency, from the fact that 
a division by twenty-seven pv each portion an even number of min- 
utes, 800, while a division y twenty-eight yielded the awkward and 
unmanageable quotient 7714. _ | 
_ Much yet remains to be done, before the history and use of the. sys- 
tem of asterisms, aso part of the ancient Hindn astronomy and «strol- 
ogy, shall be fully understood. There is in.existence an abundant liter- 
ature, ancient and: modem, upon the subject, which will doubtless at 
some time provoke laborious ध ation, and repay it with interesting 


Fesnltc ‘To ns hardly any of that literature is accessible, and only the 


final results of wide-extended and long-continued stadies u 2 n it could 
be in plo Ro here, We have already allotted to the nakshatras more 
apace than to someé may seem advisable: onr excuse must be the in- 
terest of the history of the system, as part of the ancient histo 7 of 
the rise-and spread of astronomical science; the importance attaching 
to the researches of M. Biot, the inadequate attention hitherte paid 
them, ‘and the recent renewal of their discussion in the Journal dea Sn- 
vants; and finally and especially, the fact that in and with the asteriams 
is bound op the _— iustory of Hindu astronomy, prior to its trans- 
formation under the امد‎ thes influence of western science, In the 
modern astronomy of India, the nadyhatras are of subordinate. conse- 






quence only, and appear as hardly more than reminiscences of a former 


ofder.of things: from the Sirya-Siddhinta might be struck out every 
line referring to them, without serious alteration of the character of the 


` Before bringing this note to # close, wo present, in the annexed table, 
a comparision of the true longitudes and latitudes of the junction-stars 
of the ए 1 as derived by calculation from the 1) en 
tions stated in our text, with the actual longitudes and latitudes of the 
stars with which they are probably to be identified: In a single case, 
(the 27th asterism), we compare the longitude of one star and the Inti- 
tode.of another; the reason of this is. explni ae above, in connection 
with the identification of the asterism, We add columns pivin wing the 
errors of the Hindu determinations of position : in that for e latitude 
north direction is regarded as positive, and south direction as negative, 

“Upon examining ‘the column of errors of latitude presented in this 
table, it will be ‘seen that they are too considerable, and too irregular, 
both in amount and in direction, to be plansibly accounted for other- 
Wise than as direct errors of obserfation and calculation. The [4 
of them, as has already on ont, are committed in the measure- 
ment of southern latitudes, of considerable amount, and they are 
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‘ing extinguished, the circle of declination of its juoction-star being 


precession to a coincidence with that of the a 
of the 11, about A.D. 972. Bot it® has shown 
shat Diot's व اج عو اع ما‎ 18-46 
namely, the arc of the ecliptic intercepted between the circles of declina- 
tion of two successive junction-stars—is al sagen erroneous: however 
nearly these circles might-approach one gan there would still be no 
difficulty in assignin ae each asterism its “portion” from the neighbor- 
ing region of the ecliptic. Again, this explanation would not account 
early date of the omission of Abhijit, which, كد‎ alread "तः 
is शात्‌ wanting in one of the most ancient lists, that of the Taittiriya- 
स It is to be observed, moreover, that M. Biot, in calculating the 
: Abhijit's disappearance, has adopted ع‎ Sagittarit: as'the june- 
tion-star of Uttara-Ashidhi, while we have shown above that 2 and 
not 7; is to be so regarded: and this substitution wonld defer until. aev- 
eral centuries: Inter the date of coincidence of the two circles of declina- 
tion, According to the Hindu measurements, indeed (see the table of 
itions of the junction-stars, near the begm of this note), Abhijit 
is farther removed from the preceding asterism, both in polar longitude 
and in right sscension, than are five of the other astermms: from their 
respective predecessors: nor does the Hindu astronomical system चद 
knowledge or make allowance for the alteration of position of the circles 
of declination under the influence of the precession: their places, ns 
data for the calculation of conjunctions, are ostensibly laid down for all 
١ future time. For these various reasona, M. Biot's explanation is to be 
rejected a5 insufficient. A more satisfactory one, in our opinion, may 
be found in the fact, illustrated above pera “gz. 31, beginning of this 
note), that the asterists are in ibuted جع‎ to accor! quite 
well with a division of the eeliptic into twenty-seven) equal 
but not with a division into: twenty-eight equal. portions: that the 
region where they are too much crowded togethers that from the 20th 
to the 23rd asterism, and that, among those situated: in this crowded 
quarter, Abhijit is farthest. removed from the ecliptic, and so is more 
easily left out than any of the others, in dividing the ecliptic into 
tions. We cannot consider it atall-doubtfnl that Abhijit is ns orginally 
and -troly a part of the system of asterisms as any other constellation 
in the series, which is properly composed of twenty-eight members, and 
nat of twenty-seven: the analogy of the other systems, and the fact 
that treatises like this Siddhinta, which reckon only twenty-seven divi- 
sions of the ecliptic, are yet obliged, in treating of the sasterisms as con- 
stellations, to regard them as twenty-eight, are conclusive upon this 
प The whole difficulty and souree ‘of discordance seema to lie in 
shall there, in any systematic method of division of the eclip- 
tic, be found ॐ place and 8 portion for ऋ twenty-cighth asterism! The 
Khanda- عه‎ cited by al-Birinli—in making out, method 
which is altogether soe reget of the actual of 42 nsterisms 
the accordance ब referred to between 
their portions and the moon's daily Mhotions—allots to Abhijit so much 
of the ecliptic as is equivalent to the mean motion of the moon during 
the part of a day by which her revolution exceeds twenty-seven davs. 
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westyle her “queeniof night”; for the same title is in other passages 


given to the sun, and even also to the Milky Way... When the name 
came to be especially applied tothe system. of xodiacal ssteriama, we 
have seen above-that.a single one of the series, the Sth, was placed un- 
der the regericy of the-moon, ns: another, the 13th, under that of the 
sun eee means looks 25 if the whole design of the system 
was to mark the moon's daily motions. Natnrally enough, since the 
moon is the most conspicuous of the nightly jaminaries, and her revolu- 
tiona more द دعي‎ far more important than those of the others, the 
asterisins woulr sea ically فط‎ bro pS eager م‎ more frequent use in 
connection with her movements: their number, likewise, being nearly 
but tempt those thus employed them to set up an artificial relation 
between the two. nee the Arabs distinctly call their divisions of the 
zodiac, and the constellations which mark them, “ houses of the moon,” 
and, until the researches of M. Biot, no one, مه‎ far as we are aware, had 
ever questioned that the number of the astermms or mansions, wherever 
found, was derived. from and: dependent on that of the days in the 
moon's revolution. It was most natural, then, that Western scholars, 
having first made mt caren nce with the Arab system, should, on finding 
the same in Indias, call it by the same name: por is ल; strange, oven, 
that Ideler should have gon © «step farther, and applied the familiar title 
of “lanar stations” to the Chinese بعد‎ also; an error for which he is 
sharply त by M. Biot (Journ. त. Sav, 1859, p. 480)... The latter 
cites: fro جل ص‎ ae d. Sav. 1545, pod; aR pp. 487-8) two 
passages denved by him from Variha-mihira and Brahmagupta respect- 
ively, in which are recorded attempts to-establish ॐ सक relation 
between a the asterismy and the moon's true and mean dail ly motions, 
One of these passages is exceedin ely obscure, and both are irreconcils- 
-blo with one another, and with what we know of the system of nster- 
jams from other sources: two conclusions, however, bearing upon the 
present matter, are clearly derivable from them: tirst, that, as the “ por- 
tions” wesigned to the asterisms had no natural and fixed limits, it was 
ं न for any ملمنط‎ system-maker so to define them as to bring them 
पाकि a connéction with the moon's daily motions; and ना إل‎ that 
such 9 connection was never deemed an essential feature of the system, 
سم‎ sie مه‎ no one form of it was generally recognized and accepted, 
The considerations adduced by ns above are, we think, fully sufficient to 
account for any such isolated attempts at the establishment of 3 con- 
nection as al-Dirini, who naturally sought to find in the Hindu naksha- 
trea the correlative: of his‘own mandzil al-kamar, was able to discover 
among the works of Hindn astronomers: there is no good reason why 
we should solo the former of their true character, whichis that of 
aodiacal 5: cal constellations, rodely marking out divisions of the ecliptic, and 
iployable for all the purposes for whieh such a division is demanded. 
_ The reason of the variation in the number of. the asterisms, which are 
Teckoned now هم‎ twenty-eight and now twenty-seven, is a point of no 
small difficulty in the history of the system. M. Biot makes the acute 
suggestion that the omission of Abhijit. from. the series took place be- 
cause the mansion belonging to that asterism was on the paint of becom- 
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respects, of the character of the Hindn asterisms: in the first place, he 
constantly treats them as if they were, like the siew, single stars, the m- 
tervals between whose circles of declination constituted the sceepted 
١ divisions of the zodiac ; and? in the second place, he assumes them to 

have been established for the pore of عدي لبه‎ ing the moon's daily pro- 
gress from point to point sae nig the ecliptic, Now, as regards the first 
of these 11 ints, we have y shown above that the conversion of the 
Chinese determinatives into constellations took ai lace, in all probability, 
before their introduction to the knowledge of 1 e Hindus: there is, ع1‎ 
deed, an entire unanimity of evidence to the effect that the Hindu sys 
tem is from 315 oe ‘one of groups: of tars: this is conclusively 
shown by the original dual and plural names of the asterismes, or by their 
otherwise: syrnificant tithes—compare expecially thage of the ath and 
25th of the series. The selection of a “junction-stir” to represent the 
asteriam appears to be something comparatively modern: we regard it 
ns posterior to the reconstruction of the Hindu astronomy pon ® truly 
scientific basis, प्रत 116 determination, by calculation, of the precise pla- 
cea of fui planets + this would naturally awaken 9 desire for, and. lead 
to, > similarly exact determination of the position of some star repre- 
senting each ‘asterism, which imight be employed in the enleulation of 
conjunctions, for ee 2: the astronomical uses of the 
system being no longer of much account after the division of the ecliptic 
into signs, And the choice of the : pane ietion-star has fallen, im the ma- 
jority of cases, not upon the Chincer determinative itself, bat upon some 
other and more conspicuoua member of the group originally formed 
about the latter, Again, there is an entire absence of evelence that the 
“portions” of the asterism, or the arcs of the ecliptic named from them, 
were ever measured from junction-star to: junction-star: whatever may 
be the discordance among the different authorities respecting their extent 


and limits, they are always freely, and often arbitrarily, taken from parts - 


Se adjacent to, or not far removed from, the successive con- 
१ As regards the other pon noticed, it is, indeed, not at all to be won- 
«red at that M. Biot should trent the Hindu: nefshatras as ते nystem 
bearing special relations to the moon, since, by those who have treated 
of them, they have always been styled “houses of the moon,” “moon- 





stations,” “lunar asterism,” and the like Nevertheless, these designa- 


In the Sarya-Siddhanta, certainly, there is no hint to. be, di cover 

any particular connection between them and -the:moon, and for this rea- 
son we hve been careful never to translate the term nakshatira by any 
other word than simply “ asterism.” Nor does the case appear to have 
been otherwise from the as cage? No one of the general names for 
the asterisms (nakehatra, bha, dhishnya) means literally anything more 
thaw “star” or “constellation”: their most ancient and ‘usaal ln- 
tion, nakshatra, is a word of doubtful etymology (it may be- radicall 
akin वनः nokia, nox, ف بعلم‎ night"), bat it is mot infrequently met sith 
in: Vedic writings, with the general signification of “ star,” or 
“group of stars”: the moon is several times designated as.“sovereign 
of the nakshatraz,” but evidently in no other sense than that in which 
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modifications introduced into it by the latter people all have im view a 
०५ that of चना its stations in the immediate neigh- 
of the ecliptic sera: त the whole Arab system is not 
is the Chinese to its own guiding principle. 
The Hindu sustains in this respect but an anfavorable comparison wi 
the others: the arbitrary introduction, in the 15th, 28nd, 23rd, and 24th 
asterisms, of remote northern stars, greatly im sont its unity, and also 
furnishes an additiotial:argaument of no sl its original 
ity + for, on the/one hand, tho derivation of the others from it becomes 
thereby more difficult, and, on the other, we can: hard! sr es believe 
that asyaiem of organic Indi १9. فصب‎ 1 
India by such inconsistencies; they عاك سد‎ the aspect, rather, of arbitrary 
alterations made, nt the time of its-adoption, im an: institution imported 
from: abroad. 

It-might, nt first sight, a that the adoption by the Arabs of the 
manzil i en ay to Acvini asthe first of their series indicated that 
they had deri tif ey मधुर 
of +the first rok from Kyttika, the first of the mew, to Acrini: but the 

SETA purges to admit of another interpretation. The 
amos of many of the Arab mansions show the inflaence of the Greck 
gstronomy, being derived from the Greek constellations: the same influ- 
ence would fully explain an arrangement which made the series begin 
with the p coinciding most nearly with the of the Greek 

transfervon the part of the Hindus, likewise, was unques- 
tionably made at the time of the general reconstruction of their sstro- 
nomical system under the influence of western science. ‘The two series 
are thus to be regarded as having been brought into accordance in this 
oa Pa by the separate and independent ek tg of the same cause. ` 
Biot insists strongly, as a-proof of the non-originality of the. sys- 
या क - पह, Upon its and palpable Inck 
of-adaptedness to the pu rwhich they used. it; he compares it 
to. a gimlet out of which hey have tried to make asaw. In this भच 
we can by no means agree with him: we-would: rather liken it to a 
hatehet, which, with its edge dulled and broken, has been turned and 
made todo duty asa hammer, and which 4s not ill suited to its new and 
coarser office. Indeed the Hindu system in its more perfect 
and consistent form, ns septic by the Arabs, and comparing it with the 
Chinese siew at any time within the two thousand years, we are by 
no means sure that the advantage in jes om to adaptation would not be 
generally pronounced to be upon the side of the former. . The distance 
of many of the seu during that from. the equator, the faintness 
of some among them, the great irregularity of their mtervals, render 
them ‘anything but a model system for: measuring distances in right 
nacension. On the other hand, to adopt a series of conspicuous constel- 
Istions along the zodiac, by their proximity to which the movements of 
the planets shall be marked, is no wmmotived proceeding: just शली ऋ 
division of the ecliptic among twelve constellations preceded and Jed the 
way tothe Greek method of measuring by signs, having exact limits, 
independent of the groupe of stars which. originally gave name to 
them. Euot's error im his ‘misappreheusion, 10 ` two important 
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as concerns these, we are willing to accopt the solution which is fur- 
nished us by the researches of M. Biot, supported as we conceive it to be 
by the gene cral probabilities of the case. Any ove who will trace out, 
by the help of ه‎ celestial globe. or map," the positions of the Chinese 
determinatives, cannot fail to perceive their general श १ sett 
circle of the sphere which*is independent of the ee ptic, and which 
acoords more pearly - with the equator of B.C. 2350 than with any other 
later one. The full explanations and tables of positions given by Biot 
(Journ. 4. Sav., 1840, pp- 243-254) also furnish evidence, of a kind ap- 
preciable by. all, that the system may have had the origim which he 
attributes to it, and that, allowing for the limitations imposed upon it by 
its history, it is consistent with Gtself, and well enough adapted to the 
purposes for which it was designed. With the positions of its determin- 
ative stars seom to have agreed those. of the constellations adopted by 
the common parent of the Hindu and Arab systems, exoopting in five or 
six points: those points being where the Chinese make their one tnac- 
countable leap from the head to the belt. of Orion, and again, whore the 
situ are drawn off far to the southward, in the constellations Hydra and 
Crater: and this, in our view, looks much more as if the scriea of the 
عمو‎ were the original, whose guidance had been closely jollowed except 
ing in a fow cases, than as if the asterisms composing the other gris 
had been independently selected from the groupe of stare situated along 
the zodiac, with the intention ‘of forming 4 godincal series. It is easy to 
see, farther, how the single determinatives of the sieu-should have become 
the nuclei for constellations such كم‎ are presented ९१ the other systems; 
but if, on the contrary,the sie had. been selected by the Chinese, in 
each case, from groups previously constituted, there appears no reason 
why their ny stars should not have been chosen, قم‎ they were cho- 
sen later by the Hindus, in the establishment of junction-stars for the 


We would meee १, then, as the thedFy best su by all the evi- 
dence thus 97 ९ . that. n- knowledge of the Choe ra tes ea anid 
with it the Chinese system. of division of the heavens into gen حبري‎ 
mansions, was carried into Western Asia ata period not much later 
than B.C. 1100, and was thére adopted by some western people, ¢ither 
Semitic or Iranian, That in their hands it received a new form,such as 
it to w ruder and less-scientitic method of observation, the limit- 

1 mee stars of the mansions being converted into zodiacal groups or com 
ations, and in some instances altered in position, 40 as to be brought 
nearer to the general planetary path of the. ecliptic. That in this 
changed form, having become a means of wig ly determining and de- 
g the places and movements of the planets, it passed into, the 

g of sree ع الولف‎ probably along with the first knowledge 

of the ण | entered upon an independent career of 
history in India, That it still maintained itself in its old seat, leaving its 
traces later in the Bundehesh ; and that it made its way so far westward 
as finally to become known to, and adopted by, the Arabs. The farther 
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the ath, 14th, and जानै asteris 
‘24th, and 25th mansions The satic considerations slow, inversely, that 
the Chinese system cannot be traced to either of the others as its source, 
since it agrees in wereral points with each one of , न نمم‎ where that one 
differs from the thirds “It bacomes necessary, then, 6 introduce an कतत 
1 differing?in اام‎ particulars from euéh of the others, in which 
shall find theircommeon potnt of inion. Soci an assimption is not 
to be looked uponas either eratuitods or arbitrary. “Not only do the 
mutual rélations of thethree systems point distinctly toward it, but it is 
also supported by getieral considerations, and will, we think, be found to 
remove saves" the difficulties which ‘have embarrassed the history of 
‘the general Tt) bist’ beets aa ‘asm powerful objection to the 
Chinese origin of the twenty-+igh division of the henvens, that we 











Gnd Gates existenee in so many of the countries of the West, 


एना ally remote from China, कत [आ छल Chinese tnfloence can 
ly 1 مو‎ have been directly felt. “And it i undonhted! 
true that neither ‘por Arabia haa stood in ancient tities in sue 
‘relations to China os should fit it to become’ the immediate recipient 
of, Chinese learning, and the means of its communication to stirround- 
a th Nee The) great route of intercourse between China and the 
West led over the table-land of Central Asia, and imto the north- 
eastern “territory of Iran, the seat of the Zoroastrian religion and cnl- 
‘tare: thence the reads diverged, the one leading westward, the other 
ॐ ward into India, पक्ता the तकाल of the Cabal, the tme 
of the Indinn peninsula, Within or npon the limits of this central 
of Iran we conceive the system of mansims ta have received that 
form ‘of which the Hindu wafshatras and the Arnab monézil are the 
somewhat altered representatives: precisely where, and whether in the 
hands of Semitic or of Arvan races, we would not at व attempt 
tosay. There are, كم‎ has noticed above, traces of an Iranian sys- 
tem to be found in the Bundehesh; but this is a work: which, althongh 
“a onal ybably not Inter thanthe tines of Persia's independence under her 
sanian rulers, can pretend مها‎ high antiqnity, and no like traces have 
yet been pointed out in the earliest Iranian memorinl, the Zendavesta, 
Weber (Ind. Literatargeschichte, ए 31}, on the other han, sees in the 
and maszaroth of the Scriptures hee अभ, 32; 1 Kings 
KILL radically skin with’ the Arabio manzil—indications of 
Fd existence of the svetem in question among the western Semites, 
and suspects for ita Chaldsic origin: Lut theallusions appenr to 05 too 
obscure and equivocal to be relied npon as proof of this, nor is it easy 
to believe thatsuch a method: of division of-the heavens should have 
| ition dso far to the west, and frat go ancient ॥ time, without our 
أو‎ it from the Greeks} and جرالقا‎ if it formed a part of the 















Chakdsie astronomy, This point, however, may fairly be passed over, 


95 ها "انان‎ be determined, perhaps, by frturé investigations, and not of 
essential importance to the present inquiry.” The question of originality 


is at least definitely settled adversely to the claims of both the Hindu 
and th ate tems, and can only lie between the Chinese and that 





fourth | | in which the other two have together descended, And’ 
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Again; although it might seem beforehand highly improbable that a 
system of Chinese invention should have found its way into'the West, 
and have been “extensively accepted there, many centuries before th 
Christian era, th कः ॐ € no eo insuperable difficulties in the way as should 
destroy the force of strong presumptive evidence of the truth of sach a 
communication. | It قا‎ well “known that in very ancient times the pro- 
ducts of the soil and induétry of Chinawere sought as objects of lax- 
ury in the West, and mercantile intercourse opened and maintained 


‘across the deserts of Central Asia; it even appears that, as enrly as 


about B. ©, 600 (Isaialy xlix, 12), some knowledge of the Sinim, as a “مها‎ 
off eastern nation, had penetrated to Babylon and Judea. On the other 
hand, we do scene how much, if at: all, earlier ne this it may be 
necessiry to acknowledge the system of asterisms to have made ite ap- 
fon drance in Indian. The literary memorials of the earliest 0 the 

edie period proper, present no evidence of the existence of the system : 
indeed, it is: remurkable how little notice is taken of the stars. by the 
Vedic poets; even the récognition of some of them as planets does not 
appear to have taken place until considerably later. 10 the more recent 
तन of the Vedie texts—as in the nineteenth book of the Atharva- 

hep Seibert modern colleetion, and in parts of‏ توم 
the Yajur-Veda, of which there is reason to believe that the canon was‏ 
net closed until 1 comparatively gists A oi—fall lists of the -asteriams‏ 
are found, The most unequivocal ikea of the early date of tho sys-‏ 
tem in Indin is furnished by the character of the divinities under whose‏ 
regency the several asteriama eh srs weed: these are all from the Vedic‏ 
pantheon ; the popular divinities of later times are not to be found among‏ 
them; but, on the other hand, more than one whose consequence is lost,‏ 
and whose names almost are forgotten, even in the epic pened of Hindu‏ 
history, appear in, the list. ' Neither this, however, nor’ any other evi-‏ 
dence known to Us, is sufficient to prove, or even to rendér strongly prob-‏ 
able, the existence of the asterisms in India at so remote a period that‏ 
the system might not be believed to have been introduced, in its fully‏ 
developed form, from China.‏ 

If, now, we make the attempt to determine, wpon-internal: evidence, 
which of the three systems is the primitive one, م‎ detailed examination 
of their correspondences and differences will lead us first to the miport- 
ant teative conclusion that no one among them can be क red as the 
immediate source from which either of the other two has been derived. 
It is evident that the Hindu asterisms and the Arab mandeil.constitate, 





. in many respects, one and the same system : both present to us constel- 


intions or groups of stars, in place of the single determinatives of the 
Chinese siew م‎ and not only are those + composed in general of the 
same stars, but in several cases—as the 7th, 10th, 11th, and 12th mem- 
bers of the series—where they differ widely in situation from the Chi- 
nese determinatives, they exhibit an accordance with one another which 
18 too close to cet 4 looked upon as accidental, But if it is thus 
made to appear that neither can have come independently of the other 
from a Chinese original, it is no lesa certain that neither can have come 
throogh the other fromsuch an original; for each has its own Pak ints of 
nereoment with the siew, which the other does:not ghare—the Hindn in 
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च 348 | E. Burgess, ete, [viii, 9, 
7 series, from its near approach to the vernal-equinox of that remoter era, 


still maintained, os it hay ever since maintained, its rank as the first. 
83-9 Since the time of Cheu-long the svstem hos undergone no farther m ota tim 
2 fication, but عمط‎ been preserved unaltered and uni nares roved, with t 
obstinate persistency so characteristic of the Chinese, although many of 
| the determinative stars have, under the influence of the precession, be- 
come far removed from the equator, one of them even having. retro- 
graded into the preceding mansion. | | | 
“If the history:of the Chinese sire, os thes drawn out, is well-founded 
and true, the question of origin ia already solved» the system of twenty- 
een mansions is proved to be of native Chinese عه‎ 
just asthe system of representation of the planetary movements by ¢ 
‘gels proved to be Greek by the fact rape pera in the history 
of Greek science the soccessive steps of -its gradual elaboration, That 
history rests, at present, upon the sathority of عله‎ Biot alone: we are 
“Rot aware, at least, that द other investigator 0950506 independently 





over the same Bt onnd; and he has not himself laid before us, in their 
original form, the passages from Chinese texts which furnish the basis 
1 ef his -conelnsions.. Bot we regard thom as entitled to be received, 
। متطوممة‎ authority, with no slight measure of नम 119 कण dis- 
५ tinguished eminence asa physicist and astronomer, his स्विनि with 
researches into the history and archeology of science, his access to the 


abondant material for the history of Chinese astronomy ¢ollected and 
worked up by the French missionaries at Pekin, and the zealous assist 
ance of his son, M Edouard Biot, the eminent Sinologist, whose premna- 
ture death, in 1850, has been so deeply deplored as a severe loss to Chi- 
bese studies—all these advantages, rarely united in such fullness in the 
1 person of any one student of such 9 subject, give very great weight to 

views arrived at-by عم مستا‎ the results of laborious and long-continued 

investigation. Nor do we see that any general considerations of import- 


1 ance can be brought forward in opposition to those views. It is, in tho 

first place, by no means inconsistent with what we know in other rea- 
5 pects of the age and character of the culture of the Chinese, that they 
if पि — such 3 os at so early a date. न ज from 
- 1 name, been هم‎ much لمعتسم‎ 0 rve and 

record:as the Hindus by the lnck of such aéndencys they have always 
و‎ attached extreme importance to astronomical labors, لصم‎ to the construc- 
9 tion and rectification of the calendar; and the industry and accuracy 


of their observations ‘is attested by the use made of them by modern 
astronomers—thus, to take a single imstance, of the cometary orbits 
4 which have been calculated, the jin, twenty4ive rest upon Chinese ob- © 
४ | servations alone: and once more, it is altogether in accordance with the 
soe eed ee nea practical shrewdness of the Chinese character that 


= कः originated at the very start a system of observation 


यथ ¥ well adapted to its purpose, stopping with that, working in- 
dustriously on thenceforth in iA it beaten track, and never 7 
1 ing out of so promising a commencemont anything deserving the name 
0 of م‎ science, never devising 8 theory of the camper motions, never 
even recognizing and definmg the true charucter of the cardinal phe- 
nomenon of the precession, | | ॥ 


9 
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१.४] افق‎ 
Owing to the different constitution of the systeris, their correspond- 


ences are somewhat diverse in character: we account the Hindw-aster- 
isms and the Arab mansionsto agree, when the groups which mark the 
&. छ are composed, in whole See ع‎ + of the same stars: we account 
Se Cire sie to agree with the others, when the determinative of 
४ siew is to be found among the stars compet oposing their groups. We 
have prefixed to the whole the numbers and titles of the Hindu astor- 
isma, for the sake of easy reference back to the preceding detailed iden- 


After this exhibition of the concordances existing. among the three 
systems, it can, we apprehend, enter into the mind of no one to doubt 
that all have a common origin, and are but different forms of one and 
the same system. ‘The questions next arise—is cither of the three the 

। original from which the others have boen derived! and if so, which of 
them is entitled to the houor of being so regarded { and are the other 
two independent and direct derivatives from it, or does either of them 
come from the other; or must both acknowledge an intermediate source | 
In endeavoring ما‎ answer theso questions, we will first exhibit the views 
of M. Biot respecting the origin and character of the Chinese sien, as 
stated ग the volames for 1840 and-1859 of the, Journal des Savants 5 

Accordiig¢ to Biot, the siew form on ه‎ ठ and integral re pt of that 
system by which the Chinese, from an almost immemorial antiquity, 
have been accustomed to make their careful and industrious observations 
of celestial phenomena. Their instruments, and their methods of ob- 
servation, have been closely analogous with those in use among modern 
astronomers in antics they have employed > meridian-cirele and a 
measure of time, the clepsydra, and have observed meridian-transits, ob- 
taining right ascensions and declinations of the bodies observed. To 
reduce the errors of their imperfect time-keepers, they long ago selected 
certain stars near the equator, of which they determined with great care 
the intervals in time, and to these they referred se cage itions of stars of 
planets coming to the meridian between them. The stars thus chosen 
are the sew, Twenty-four of them were fixed ए more than two 
thovsand years before our era (M. Biot says, about , $. CO. 2951: 00६१६ 
obviously impossible to fix the date, by internal evidence, within a cen- 
tury or two, nor isthe ext@@ihal evidence of a more definite character); 
the considerations which governed their selection were three: (म 
to the equator of that period, distinct visibility—conspicuons brilliancy 
not being demanded for them—and near agreement in respect to time 
of transit with the upper and lower meridian-passages of the bight stars 

* nearthe pole, within the circle of perpetual apparition) M. Biot finds 
ध believe that शि stars had been earlier observed 
with special care, and tk is of comparison, and that, when 
Gt was afterward seen to be desirable to have stations near the equator, 
stich stars were adopted as most nearly 2-2 reed with ندعل‎ 19 right ascen- 
sion. “Theother four, being the Sth, 14th, 21st, and 28th, the accession 
of which completed the system of twenty-eight, were added in the time 

of Cheu-Ko 4) about 8.0.1100, because they marked very nearly the 
positions of the equinozes and solstices at that epoch : the bright star of 
the Pleiades, however, which had originally been made the first of the 
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ष्या م‎ 4 tlone the name of tho mansion 
is sometimes $ its situation, कत fur from the ecliptic (in 
رز‎ renders it by no- means suited to become the distinctive 


We present, in the annexed table, a general s of the corres- 
of the three systems; and, in order to bring out those corres- 
2 pondences in the fullest manner possible, we have made the comparison 
١ 10 لومز معط‎ ways: noting, 10 the first place, the cases in which the 
0 three agree with one another; then those in which each ac egestas 
of the others; and finally, those in which each agrocs either the 

, one or the other of the remaining two. 


Correspondences of the Hindu, Arab, and Chinese Systems of Asterisms 
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these two as cases of general تماد‎ because, although the Chinese sew i not 
न्म ondence of Baas el: aoe a dispute, § Here we assume 


;Ohiness 15 تا‎ the stars the si? which ts 
sliogether probable, although owiere ditinetly waged. 001 ال ل‎ 


eee 2 > = १ * :‏ اكد 
॥ 845‏ 11/11 1 ا  #.9]‏ 


this confusion + that originally. and 7 Pegasi were desiynated and عمل‎ 
scribed as junction-stars of the two hali-groups, of which they were 


vely, the southern meen) mag ie Wash for तः णय 
rhaps owing to the astrological neers ry (see above, vii. 21) of the supe 
voit of > ee كواب سارت‎ rank of junction-star was sought to be , 
transferred from. the. southern to the northern stars of both asterism : 
that, in. making the transfer, the original constitution of the former 
group was neglected, while in the latter the attem P twas made to define 
the real position of the northern star, but by simply adding to the polar 
latitude already stated ia Pegasi, without altering its polar longitude 
also, Al-Birtin!, it should be remarked, was unable. to obtain from his 
Hinda informants any sstisfactory identification of cithor of these aster- 
لمم دوز‎ marks both in his catalogue. as “unknown.” . 

The view wo have taken of the tre character of the two Bhidrapa- 
dis is powerfully supported by their comparison with the corresponding 
members of the other two. systems, The twenty-sixth snd twenty- 
seventh mangifs, al-Fargh al-Mukdim and al-Fargh al-Mukhir, “ ie fore 
and. hind spouts of the water-jar,” comprise respectively ध and 8 Pegasi, 
and 7 FP pa and a Andromedw:; the determinatives of the twenty- 
fourth and twenty-fifth #iew, Che and Pi, are ع‎ and | Peasi. 

The regents of these two asterisms are aja ekapdt and ahi budinya, 
the “one-footed goat” and the © bottomesnake,” two mythical figures, of 

# obscure significance, from the Vedic pantheon. 

28. Revali, “wealthy, abundant.” Its presiding divinity is Pishan, 
“the prosperer,” one of the Adityas.. It is said to contain وزيا‎ 1५9 
stars, which are figared, like those of Cravishthi, by a dram or tabor; 
but it would be in "at whee to. attempt to (9१ out precisely the thirty-two 
which are intended, or to discover in their arrangement any resemblance 
to the figure chosen to represent it. The junction-star of the group is 
sail (7, 18) to be its southernmost member: all anthorities agree in 

Peal 111 sd د‎ the ecliptic, and all excepting our treatise لمم‎ the 

alya make its on sition. exactly mark the initial point. of the fixed 
sidereal sphere. The star intended is) as we have already often bod 
occasion to notice, the faint star ६ Piscium, of about the fifth magnitude, 
situated in the band which connects the two Fishes. It is indeed very 
near to the ecliptic, having only 12’ of south Intitude. It coincided tm 
1 भ ritude with the vernal equinox in the year 572 of our cra. 

\t the time of al-Birini’s visit to India, the Hindus seem to have 
been already unable to point out distinctly and with confidence the sit- 
ner he the heavens of that most important point from which they 
hald thatthe motions of the planets commenced at the creation, and. at 
which, at. successive interval ١ ف‎ eit universal conjunction would again 
sch ga lace; for he is obliged to mari the See as not certainly iden- 
if | He also 1 र to it, as to Catabbishaj, only a single star. 

The twenty-sixth Chinese stew, Koei, is marked by > Andromedm (4), 
which is situated onl cia east in longitude from ए Piscium, but which 
has 17° 36’ of north latitnde,. The Inst manzi/, Batn wl-Hat, “ the tish's 
belly,” or ar-Rishd, “the band,” seems intended to inclade the stars com 
posing the northern Fish, and with them probably the Chinese deter- 
minative. also: but it is extended so far northward as to take in the briglit 
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one another as وروم‎ and श्व, “former” and “latter.” All suthori- 
ties sats in nasigning two stars to euch of the two gr ५५५; but there is 
not the same seeordance as regards the figures by which they are مصعم‎ 
resented: by some the one, by others the other, is called acouch or bed, 
the alternate one, in either ease, being pronounced م‎ bi-faced figure: the 
Mubdrtn-Cintimani calls the first a bed, and the second twins, Tt عله‎ 
mits, we sue) re! vi of little or no question that the BhAdrapadis are 
properly the four brig stars 5, a, 7 Pegasi, and »ع‎ Andromeda—a ‘of 
then commonly reckoned as of the second magnitude—which form 
together م‎ nearly perfect square, with sides measuring about 15°: the 
constellation, a very conspicuous one, is familiarly known as the “Square 
of Peguens.” .The figure of a couch or bed, then, belongs, كه‎ im,t ` ५४ 





[ viii. 9. 





case of the other two double astorisma, already explained, to the who 


a 


constellation, and not to either of the two separate asterisms into which 


+ divided, while, on the other hand, either of these latter is widest 
| 


enough symbolized by a pair of twins, or by o figure with | 
face. The appropriateness of the’ designation * पस tof 
both the names of the whole constellation, is also sufficiently evident, if 


owe regard the groups yas thus composed, ‘The junction-etar of the former 
half-asterism is, by its defined position, clearly shown to be م‎ Pegasi: 


Porva-Uhddrapadd . + = = 334० 951 , = = ..92° 30! 8, 

छिथ , = = ps sss 333° anf... - اكه قوق‎ 
منت"‎ Graha-Laghava gives the junction-star 1° less of polar longitude, 
which would bring its position to a yet closer accordance, in respect to 


Jongitade, with ع‎ » ecasi: the error in Intitude, which is'common to لله‎ 


the authorities, is not greater than we have met with several times else- 
where. Bot we are told below (v.16) that the principal star of each of 
thes# asterisms is the northern, and this would exclude م‎ Pegusi alto- 
gether, bringing in as the other member of the first pair some more 


“smithern star, perhaps ¢ Pegnsi($.4). ‘The confusion is not less marked, 


ae ذا‎ of another character, in the case of the second asterism: in 
the detinition of position of its janction-star we find 8 longitude given 
which is that of one member of the group, and a latitude which is that 
of the other, as is shown by the following comparison t 


Uttara-Bhddrapadi = क = 8 7 يدم‎ ry’ if +). चछ a4? 1’ भ, 
०४1. 1 1 ae 3490 BP == wo 9० 357 
- Andromeds r+. 2 छः sw aig? इन" च कि = 9 a4? di" ॥\ 0 


If we actept either of these two stars 88 the one of which the posi- 
tion is meant tw be defined, we shall be obliged to sn an error in the 
determination either of its longitude or of its latitude considerably 
apie than we have met with elsewhere. Jor ts the matter mended 

any of the other authorities + the only ruriation from the data of our 
text is presented द, y the Graha-Laghava, which reads, as the polar Inti- 
عله‎ of Uttarn-Bhidrapadi, 27° instead of 26°. There can be no 
donbt that the two stars See Sx wnized as composing the asterism are + Pe- 
gasi and = Andromedm, but there hns evidently been a blundering con- 
fusion of the tivo in making ont the definition of position of the june- 
tlot-star, "We would suggest the following asa posible explanation of 
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` The only Fariation from the position assigned in onr text to the june- 
tion-star of Cravishthd is presented by the Graha-Lighava, which gives 
it 296°, instead of 200°, of polar longitude. Perhaps its intention ts to 
point ot £(5)'as the junction-star: this is doubtless the one added to 
the other four, sch of its’ close proximity to tliém, to make up the 
ध if lies only about half a d agree westward from 9 | 

"The name of the twenty-fourth manzil, § Sag 4 as-Su'dd, “ felicity: of 
felivitics”—i.'e., “moxt felicitous” —exhibits anMacconlance with that of 
the Hitidu asterism which possibly is not'wecidental, ‘The two are, how- 
ever, as already noticed, far removed in position from one another, the. 
Arab: mansion being composed of the two stars 9 (it) and (5,4), in the 
left (अ of Aquarina, to which some add also 46, or رك‎ Capricorni 
(6° ‘The corresponding set, Hitt, is the first of them, or م‎ Aquarii. 57 

` १5. Catabhishoy, “having a hundred physicians’: the form (गा, 
which seems to bw merely ४ corruption of the other, also occurs in later 
writings, Tf ts, as we should expect from the title, said to be composed 
of a hundred stars, of which the brightest ५५ 19) is the junction-star, 
This, frond its déetined position, can only be 4 Aquarii (4): 0 = 


(णकभ = = = = dig? 517 = - , . 0? 2975. 1 
> Aquarii...... 32173)... . . 0 33 8 





The rest of the asteriim is to be sought among the yet fainter stars in- 


the knée of “Aquarius, and the stream from his jar: of course, the num- 
ber one hundred is not to be taken as an exact one, nor are we to sup- 
pose it possible to trace out with any distinctness tho figure assigned 
to the group, which is a circle. The Kh Kataka, according to_al- 
अत्त), Foie s Catibhishij only a single star, but this is proba bly an error 
of ‘the > traveller: he is unable to point out which of the stars in 
A i is to be regarded as constituting the asterism, =~ | 

1९ reer of the 25th nsterism, ९० =, १६५२ nearly all the suthori- 
ties, is Varuna, the chief of the Adityas, but later pi ae rod of the waters: 
the Thittiriya-Sanhita عه ا‎ to it and to the 14th asterism, as well 
as to the 18th, Indra as residing divinity: this is perhaps mere blun- 


The Graha-Laghava ee the jonction-star of (1 recisel 
on the ecliptic: the SiddiAnta-Ciromani ete, give it 20", instead 0, 
“أن‎ tie lar latitude south, ` tora! لحيو ووب وج جم‎ 

^ corresponding णाप mansion of the Armbs, ६५ al-Akhbiyab, 


# «the felicity’of tents.” comprises the three stars in the right wrist and 
by 9 Aquani, together with هد‎ 


hand of the Water-bearer, or 7 (3), ¢ (4 

fourth, which Ideler supposes to be w (5). - Since, however, the twenty- 

third Chinese determinative, Goci, is ५ Aquarij G 8), 9. stir so near as 

6 reas bronght into tho same grow ل‎ With tip other three, we are, 

inclined ४9 regard jt as altogether probable that the mansion was, at 

lenat originally, composed of a, 7, £ andy, | 3 | 
26,27. Bhddrapa श 7 a6 plural, १॥५क “مل مسرم‎ also bhad 

bhidra, +~ beautiinl, h appy,” and peda, “foot.” Another ren 

lation is proshthapedd: proshtha is suid to mean “carp” and “ox”; th 

latter signification might ४ rhapaapply here, We have here, once more, 

a double asterism, divided into two parte; which ard distinguished from 

44 
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1 340 لل‎ Burgess, عاك‎ शव 


1 
ان‎ a | | ५ 
: _ In this and the two following asterisms—as once before, in the fiteenth 
١ of the serices—the Hindus have gone far from the ,عستلمع‎ in order. ها‎ 
bring into their अ brilliant stars from the northern heavens, while 
si Chines ‘the Arab systems agree in remaining in the immediate 


lil 4.0. 






hinese and 
neighborhood of the ecliptic. The twentieth نمع‎ is named. Nicu, and 
is the star 0 Capricorni (4), situated in the head of the Goat; the twen- 
6 second manzl, Sad ae -Dhibih, “ felicity of the sacrificer,” contains 
the same star, the group being يه‎ (composed of two stars, each of mag- 





nitude 3,4) and 8 Capricorni 


93, Gravona, “hearing, ear’; from the root شع‎ “hear”; another 

name for the asterism, crond, found occurring in the Tiittiriya. lists, is 
: perhaps from the same root, but the word means also era Cravana 

comprises three stars, of which the middle one - (४. 18) is the junction- 

star: they are to be found in the back and neck of the Eagle, namely 
ms 1,8, and # Aqui; «, the determinative, is x sar of the tirst to sec- 
४ 8 ond magnitude, while 7 and م‎ are of the third and fourth respectively : 






> Qravana. = = - 383 2g’... = 29° S41, 

أ ’11 eAqule = = = 3815 41! - - = - ag?‏ تبه 

72 All the authorities agree as to the pis latitude oN ravana: the 
7 Biddhinta-Ciromani etc. give it 2° less of polar longitude than our trea- 


se, and the Graha-Lighava even as much as 5° less.‏ ع 

The regent of the asterism is Vishnu, and its figure or symbol corres- 
1 bw s therewith, being three footsteps, representatives of the three step 

¶ which Vishnu is said, in the early Hindu mythology, to have strod 





ل . ¢ يخ 
1{ م throngh heaven, The ee rms however, gives 9 trident as gas‏ 0 
a belonging to (ravana. Possibly the name is 19 be regarded as inci‏ 


, 6 char it waa originally figured عد‎ an ear. | 

The Chinese sew corresponding in rank with Cravana is called No, 

and is the faint star < Agnarii (4.3). The Arab monzif Sa'd Bala’, 

“felicity of a devourer,” or al-Buln’, “the devourer,” ete., includes the 

game star, being composed of م ع‎ (4.5), » (5) Aquarii, or, according to 
others, of «and 7 (6) Aquarit, or of # and », 

4. Cravishthd ; the word is a superlative formation from the same 

१ root from which came the name of t 5 ४ asterism, and means, 

probably, “most famous." Another and handly less frequent appelln- 

tion is dhanish{hd, an irregular superlative from dhentn, “wealthy.” The 

class of deities known as the vasus, © bright, good,” are, the regents of 

the asterism. 11 comprises four stars, or, according to the “نعي‎ and 

' Kbanda-Kataka, five: the former, which is given by so early a list as 

that of the Tiittiriya-Brahimana, is doubtless the on Fea lnumber, The 

ee roup is the conspichous one 10 the head of the Dolphin, composed of‏ الب 

५४, ¢ Delphini, all of them stars of ihe पत्त, or third to fourth, mag- 

nitude, and closely disposed in diaménd or lozenge-form: they are fig- 

1 ured by the Hindus as a drum or tabor. The junction-star, which is the 

| western (१, 11}, 55; 

(१54 . قوق‎ Segoe 2 359 33“ 8 

0 Delphini . क क = 296" "ون‎ 27 ^ 9: on? 45>) 8 





nation of its latitade, which led Colebrocke to regard. ع‎ (4.9) as the 


star intended : we subjoin the positions; 
Uttara-Ashidh’ 1 5 shot 3} << ® © A? So! 8. 


ao Sagittal’. . + , = = 909०5 + ا‎ „ AP 34" 3, 
क उप्ता ज = + = = * हण امقر‎ seo 


The only variation from the position of the junction-star of this aster- 
ism as stated in our text is- presented by the Grabe-Lighava, which 
makes its poles longitude 261° instead of 260°. ظ‎ 

The Caksize شم‎ ine to Colebrooke : our MS, is defective at this 
५, and the Khandu-Kataka assign four stars to each of the Ashhdhis, 
and the former represents each as a bed ei, It would not be oe bee to 
establish two four-sided figures in this region of the constellation Sagit- 
tarins, cach including the stars above mentioned, with two others: the 
ong would be composed of 77 (4.3), ठ, ^, 4 (4—the star is also called 7 
Telescopii), the other of क (५, छ, 1, and £: such is unquestionably the 
constitution of the two asterisins, considered ns من‎ of four stirs; 
they are thns identified also, it may be remarked, by al-Birhol. The 
junction-stars woold still be 0 and ४, which are the northernmost in their 

respective constellations; nor جز‎ there any question as to which four 
among the eight are selected to make up the double asterism, since त, ९, 
ट, and o both form the most regular quadrangular figure, and are the 
brightest stars. he sek | क 

The determinatives of the eighteenth and nineteenth mansions of the 
1 द्वि and Teu, are 7? and क Sagittaril, which are incloded in the 
two quadruple groups as stated above, The twentieth manzil compre- 
hends all the eight stars which we have mentioned, and: is styled an- 
पिय, “the pasturing cattle”: some also tnderstand each group of 
four os क fan ostrich, 09, The twenty-first कत) on the 
other hand, al-Baldah, “the town,” is described as a vacant space above 
the head of 4८. bounded by faint stars, among which the most 
conspicuous is 3 Sagittarti (4.5). 

93. Abhijit,“ conqueting.” The regent of the asterism is Brahma, 
The position assigned to its junction-star, which is described as the 
brightest (y.19) in a group of three, identifies it with © Lyre, or Ve 3 
a star which is excecded in briliancy by only one or two others in tho 
heavens : 

Abhijit... . 2649 10"... . + 58/3, 
Vem = + .ا ع 2 = “15 965° ا‎ Gy? 46" भ, 

The other authorities compared (excepting the Cakalya) define tho 
pace in Intitude of Abhijit more accurately, Lag 2° to the polar 
latitude given by the Sirya-Siddhinta: the Graha- ra also improves 
the position in fo ongitude by adding 1° 20', while the Siddhinta-Ciromant 
etc. increase the error by deducting 1° 40’. ~ 

The Tiittiriya-Sanhita (iv. 4.16) omits Abhijit from. its list of the ns- 
terisms: the probable renson of its omission in some authorities, or in 
2 connections, and its retention in others, we shall discoss far- 

r on, | 
_ Abhijit is figured as a triangle, or as the triangular nut of the {04८५ 
an aquatic plant, this very. distinctly represents the grouping of » Lyrm 


eT. -.| are‏ عله ॐ क a.‏ | به 


838 EB. Burgess, ee., [च 9. 
The Taittiriya- Sanhith ‘makes tr ti eae a presiding divin- 


ities of this asterism, as well as of the tenth. see 

Bentley states (Hind. Astr., p. 6) that Mala was originally reekoned as 
the first of the asterisms, and was therefore so named, as being their root 
or ongin; also that, ot another time, or in 9 different system, the series 
Was made ae begin with Jyeshthi, which thence received its title. of 


“eldest.” These statements are put forth with characteristic reckless- 
ness, and apparently, like 9 F Son व others in his ‘pretended history 
of Hindn astronomy, upon the unsupported authority of his own conjec- 
ture. It is, in many cases, by no means easy to discover reasons for the 
particular appellations by which the asterisms are designated: but we 
would sigpest that Mila nay perhaps have been so named from ita be- 
ing considerably the lowest, or farthest to the southward, of the whole 
series of astorisms, and hence capable of being looked pe nas the root 
out of which they had grown up Ayes heavens. It would oven be possi- 
ble to trace the sme eg 05 ption further, and to regard Jyeshthi as so 
a yled because it was the first, or “ oldest,” outgrowth from this root, 
while the Vichkhe, “the two diverging branches,” were the stars in 
whith the series broke into two lines, the one proceeding northward, to 
Siti or Arcturus, the other westward, to Citra. or Spica. We throw 
out the conjecture for what it may be worth, not being ourselves at all 
confident of its necordance with the truth, 

_ The nineteenth Arab manzii is styled ash-Shaniah, “the sting" —i. ९ 
of the Scorpion—and comprises, as already noticed, v and 4 Seor poe 
The determinative of the seventeenth sieu, Uci, is included in the Hinda 










boing ०2 Scorpionis,‏ ,نك مقع 


+ 20, 21. Ashidha; or, as plural, ashddhde; this treatise presents the 
derivative form déshédhd, which +> not infrequent elsewhere: the word 
means“ unsubdued.” Here, again, we have « double group, divided 


into two asterisma, which are distinguished as parva and चकत, = former. 


and latter.” Their respective divinities are dpas, “the waters,” and rigre 


devia, “the collective gods." Two stars are ordinarily allotted to each 


asterism, and in cach case the northern is designated (v. 16) as the jone- 
tion-atar. By some aiithoritics cach group is figured as a bed or spec) - 
byoothers, the one as a bed and the other as an elephant’s tusk; and 
here, again, there is a difference of opinion as to which is the bed and 
which the tusk. The true solution of this confusion is, فد‎ we conceive, 
that the two asterisms taken together are figured na a bed, while either 
of them alone is Tepresented by an ¢lephant’s tusk. The former group 
must ecomprise 0 (3.4) and ठ (3.2) Sagittarii, the former being the june 
tion-star; this is shown by the following comparison of positions : 
| एतैव , . . 2542 39f. . . . 5° 28'S. 

SSagittarii. . . . + = 549 da? +, 69.35 & 


The Graha-Lighava gives Pirva-Achadha 1° more of polar longitude, 
find 30° less of polar latitude, than the Sdrya-Siddhanta : the Siddhintn- 

Giromani ete. vive it 10" less of the latter 
Tho latter of the two groups contains, as its southern star, + Sarittarii 
0 its northern and junetion-star ean be no other than त (2.3) in 
he samo constellation, notwithstanding the error in the Hindu determi 


eee eee "ॐ श. ~ , 2 ~‏ اليا 
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as in the other case, ine ra one junction-star of Jreshtha bemg also one of those 
which shine with a reddish light. . The regent i+ Indra, the god of the 
clear sky. The group contains, according to all the authorities, three 
stars, and the central one (v, 18) is the junction-star, This is the bril- 
liant star of the first maguitude ع‎ Scorpionis, or. Antares; its two com- 
panions are o (3,4) and ع‎ (3.4) in the same constellation : 

yesbihd . , , 3309 72. 2) + ॐ 40'S. 

Antores , - . Sag? dg". - ~ 4२ a" B. 


The constellation i Searels azing or ear-ring; by this ree be un- 
derstood, perhaps, a pendent enrjewel, as the three stars, of yeshtha 





form a क straight line, with the न in the middle. | 
The Siddhdnta-Ciromani and Graha-Lighava add to the polar longi- 


tude of the junction-star of the asterism, na stated in our text, 5’ and 1” 
Hon Rape وجل‎ they deduct from its polar latitude 30° and 1° respect- 
ively, ninking the detinition of its position in both respects less accurate. 
Antares forms the eighteenth manzil, and is styled al-Kalb, “the 
heart’ —i. به‎ of the rpion : ० and ع‎ are called an-Niyit, “the pro 
cordia.” "The Chinese siew, Sin, is the westernmost of the three, or च. 
19; Mila,“ root.” The presiding divinity of the asterism is wrrk, 
“calamity,” who is also. ति t of the south-western quarter. It com- 
prises, according to the (ikalys, nine stars; their configuration 14 Tep- 
resented by a lion's tail, ‘The stars intended are those in the tail of the 
Scorpion, or 2, 4, द, 9) त, 4, يس ب«‎ 4 Scorpionis, all of them of the third, 
or third to fourth, magnitude, Other authorities count eleven stars in 
the group, probably reckoning م‎ and 5 as four stars; each being, in. fact, 
. 3 ह न of two closely approximate stars, named in our catalogues 
(3), «> (4), 1 पुष: (3). The Khanda-Kataka slone gives Mala only 
two stara, which are identified by al-Birinl with the Arab manzil ash- 
Shaulah, or 4and ° Seorpionis. The Taittiriya-Sanhité, too, gives the 
name of the asterism as wiertdu, “the two releasers”; the Vieytan are 
several times spoken of in the Atharva-Veda as two stars of which the 
rising promotes relief from lin ¢ ring disease (रनक) ; it ia accord- 
ingly probable that these are the two. stars in the sting of the Scorpion, 
and that they alone have been mere by some as 1 the aster- 
iam: their healing virtue woul biless be connected with the meteor- 
ological conditions of the time at which their heliaeal rising takes place. 
Qur text [*. 10) designates the eastern member of the group as its janc- 
tion-star: it is onecrtain whether the direction is meant Kaisa to the 
group of two,.or to that of nine stars: if, as secms pro i ia the 
star pointed out by the definition of position, it is strictly true only of 
the pair 4 and », since 4, x, and @-are all farther castward thand:  . 





Mia... ०9 - =, Pee 
3. Scorplonia » + ف‎ 24q° 53" छ © 137 44" & : 

The Graha-Laghava pres a more accurate statement of the longitade, 
adding 1° to the polar longitude as defined by all the other authorities : 
but it increases the Sree error in Jatitade, by deducting 1° from that presented 
1 text: the Siddbinta-Ciromani, in like manner, deducts 30’, while 


Khanda-Kataka adds the same amount. - - at te 
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is shown by the fact that al-Birtni was obliged to mark it in his list as 
“anknown.”” Very probably the Strya-Siddhinta, in callingwthe north- 
Hilarie قينا‎ De ومع ساد‎ toinelode with it only the star 20 
Libre (3.4), situated about 6° to the south of it. Upon the whole, then, 
while we regard the identification of Vichkhi as in some respects more 
doubtfil than that of any other asteriem in the series, we yet believe 
that it was originally ८ of the two stars a and 6 Libne, and that 
later the group was extended to include also sand 7, and, as so extended, 
2100118 كة‎ agateway. The selection, contrary to gencral usage, of 
the faintest star in thi ron Up a4 its junetion-star, may have been made 
ए 8,3.19 1 1.4.11. 
orm, 9 । "4 । 90 4 
©The varintions of the other muthorities from the position عم‎ stated in 
our text are ‘of small ८ portance: the Siddhinta-(iromani सव, give 
प्ट ताप, 69’ léss of polar longitade, and the Graha-Laghava 1° less; of 
ص‎ Mar Intitude, the Siddhinta-Ciromani gives it 10’, the Graha-Lighava 
90" less+ the Khonda-Katakn els ge recs here, a3 also in the ‘two following 
astoriams, with the Sirya-Siddhénta. | 
The sixteenth “Arab manzil, comprisi ne, already noticed, «and 8 
Libre, is ot ean “the two elaws"—i. ¢, of the Seorpion : 
the name of the corresponding Chinese mansion, having for its deter- 
ihibative = Libre, is Ti ` 
= ति, Anurddha न of, كم‎ plural, कमकत 45 ~ the word means “snecess.” 
The divinity is Mitra, “friend,” one of the Adityas, According to the 
Thkalya, the asterism i composed of throe stars, and with this our text 
plainly ह by designating (vy. 18) the middle’ as the junction-star: 
pr the A tl 











1 the other authorities give it four stars.’ As a group of three, it com- 
tises 8,0,5 Seorpidnis, © (2.3) being the junction-star; as the fourth 
sember We are doubtless to add 6 Seorpionis (5.4); It is figured asa 
bali or vali; this Colebrooke translates “a row “of ablations” + we do 
not find, however, that the word, although it means both “ablation, 
offering,” and “a row, fold, rade, ५१ १8 used to designate the two com- 





bined: perhaps it may better be taken as simply “a row;" the ‘stars 


Of the asterism, whether considered a4 three or four, being disposed in 
nearly a straight line. The comparison of positions is as followa: 
। Anuridbi.. . - . 2349 44" ज , „= 55558 
ह उत्क . = = 2239 उ" , = „= = 19 78. 
~The 11111191, 1110106 119 न rhara' estimate the latitude of 


‘Antiridhi somewhat more adcurately, deducting from the polar Intitude, 


ne given by onr text,1° 15' and 1° respectively: the SiddhintaCiromani 
ete. also‘ndd the insignificant amount of 5‘ to the polar longitude of the 
Strra-Siddbinta, 

The corresponding Arab manzil, named al-Tklil, “the crown,” مومع‎ 
tains also the three stars 2, a, 2 و لع‎ some authorities adding 9 to 


the group. The Chinese siew, Fang, is (3), the southernmost and the 


faintest of the three, 7 





olde नण in ite tit of aster 
repeats here the name rohini, “raddy,” which we have had above 
as that of the 4th asterism: the appellation has the same ground in this 


. 


18. Jyeshthd, ^ oldest.” Tho Tai 





‘a 
"7 








Spica is likewise the fourteenth manzif of the Arabs, १.१ 
and the twelfth sien of the Chinese, who ال‎ it 

15. सत, or نفس‎ ; the word is said to mean “sword.” The Tait- 

tiriya-Bralimans calls the asterism nishtyd, “ outenst,” possibly from its 
remote northern situation. It is, like the last, an asterism pa 
chi (16 brilliant star, which is figured asa coral bead, gem, or 

In ition of its latitude all anthorities agree; the Graha-Lighava 

makes its polar longitude 198° only, instead of 190°. ‘The star intended 

Arcturus 





is plainly = Bootts, or 
Svith..... 183° af... 35° 50’ भ 
Arcturus. . . ٠ 184° 13° ग so? 55" © 


In this instance, the Hindus have gone far beyond the limits of. the 
todiac, in order to bring into their series of asterisms a brilliant star 
from the northern heayens: the other two systems agree in remaining 
near the ecliptic. ‘The fourteenth Chinese siew, gk is  * Virginis 
(4.5): the Arab mangil, al-4thafr, “the covering,” includes the same 

t bogs her with +, ऋत्‌ दाहा 4 or क Virginis. 

7 “having spreadi : in all the earlier lists the 
name appears 85 2 dunl, wi he asterism is also placed under the 
regency of a doa) divinity, mdragni, Indra and Aan We should. ex- 

n, to find it composed, like the other two dual asterismns, the 1st 
and ‘th, of two stars, nearly equal in brillinncy, and two.is actually the 
number क ed ما‎ the group: by the (दको and the Khonda-Kataka, 
Now the only two stars in this region of the zodiac forming a conspicu- 
ous pair are wand 6 Libre, both of the second de, and as these 
two compose the perros nding Arab mansion, "५ the former of them 
is the Chinese siew, we have the stro reasons for supposing them to 
constitute the Hindu asterism also. are, however, difficulties in 
the way of this assumption. The later authorities give Vicikhi four 
stars, and the defined position of the junction-star ile 01195 it, neither 
with ه‎ nor 7, but with the faint star + (4.3) in the the same constella- 
tion. Colebrooke, overlooking this suggests = or x Librm (4): tho 
following comparison of positions will how that neither of them can be 
the one meant to be pointed out 


४4 ०1351 = 49 389 





adbeast) of =-= اق لو‎ 
ea Libs + = ^ "كلوقب‎ 81, = + + 0०33. 
अ Libre = = = = 21754 po ate 


The group is figared aso forena: this word Jones and Colebrooke 
translate ^ festoon,” but its mo ०९९८ méaning ॐ ^ 91) outer door of 
gate, م‎ decorated gateway.” And if we change the designation of situ 
ation of the junetinn-star in its ती given below (४, 16), from ^ north 
ern” to.“ southern,” we find withuut difticulty a quadrangle of stars, viz, 
५, a, 8, y (4.5) Libr, which admits very well of bein मि AS ©. gate 
way. Nor is it, in onr opinion, taking an unwarrantable liberty to make 
such an alteration. The whole scheme of designations wo By ats 9 
of inferior authenticity, and ns ee of the confusion and uncer- 
tainty of the later knowledge 2 Hindus respecting. their ape mof 
ealerisms. That they were long ago doubtful of the position of Vighkh& 





١ | a ae ye 11 १0. ’ "= 6 
rt =. مي‎ १ ३ “ : च. 3 


This star, however, is not the northern, but the southern, of the two 
composing the asterism: its description as the southern we cannot. but 
१५ ply, ऋ errot, founded on a misa ension.of the compo- 
siten of the double group, To al-Girani, 6 ig and another star to 
the northward, in the Arab constellation Coma Borenices, were. pointad 
out as forming the asterism Uttarn-Phalguni. The Cakalys it five 
stars, probably adding to ث‎ Leonis the four small stars in hhend of the 
Vi ६15 > 7, and 9, fm pane eae to five and fire, I 

‘The’ © regents of Parva tara-Phalguni are Ghage and Aryaman, 
or Aryaman and Bhaga, two of the Adityas, 

The two 1 Arab mansions are called sz-Zubrab, “the 
mane"—i. €= of Lion—and as-Sarfah, “the turn”: they agree 98 
nearly as possible with the Hindn asterisms, the former being composed 
of 8 and स the ~र 6 क ae bore cant "a named 
Fespectively Ch and धर, are ४ re क Crnteris 
13. Haste, ५181 Savitar, Fong of the asterian, which 
in accordance with its name, is figured هط‎ 7 hand, and contains five stars, 
corresponding to the five fingers. These aro the five principal stars in 
the constellation Corvus, a well-marked group, which bears, however, 
ho very conspictions resemblance to o hand. The stars sre named— 
eoonting from the thomb around to the little finger necording to ont 
apprehension of the figure—f, a, ९, 7, and ل‎ Corvi. The text gives be- 
low (४ 17) a very special description of the sitnation of the junction- 
star in the group, but one which is unfortunately quite hard to’ wnder- 

and apply: we rezard it as most hegre however (see note to 
© detined position, in which all 
suthorities agree, would point rather to d (3) 








يلق [त‏ = الود gra rd?‏ اما ينظ 
=f च Corti = =. «+ J ds ष क छ a4? 10852‏ 
Oorvi = = = = तकत oe , = , 13०10‏ 83 | 





The Hinde and Chinese systems return, in this कैः to ah accord- 


‘gtee with one another: the eleventh stew, Chin, is the न (0, ‘The 


Arab system holds its own independent course one point farther: its 
thirteenth mansion comprises the five brioht atars 2, », 7, 4, 9 Virginis, 
which form two sides, measuring about 15° each, of a great triangle 
the mansion is named al-Anwh', “the peda, doy." 1 

14. (८100, “brilliant.” This is the if star of the first magni- 
tude ع‎ Virginis, or Spica, constituting an asterism by itself, and figured 


‘asa pearl or asa lamp. | Its ५ is Tvashtar, “ the shaper, artificer.” 


Its longitude is very erroneously defined. by the Siirya-Siddha 
Citra "`= 18o* 48 = 2119-50" इ 
Spite. =, = 1639 dg’ لاس‎ af Sh 


All the other ae 
error, by givin lak 13 
only variation from the di 








Aowever, saving the Cikalya, remove this 
3 Bie ei @ instend of 160°, The 
wide made by our text is offered 





Br the Siddhiin varying for onee from the Brahmas 
Siddhiinta, reads 1* 45' instant 4 न | 
णण णा الات ا ا‎ 
] et apparent! 

: dsb by an original error of the prets, that छ, Biot, in all ‘hia 


| Ee ieee y (3) is the star intended 
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अश्वी +... .رم‎ = प्र "م كن‎ 
Regulus = = = = (उपः dg’... a? 39" 
The tenth manczi/, aj-Jabhah, “the forehead”—1 مه‎ of the Lion—is 
also composed of f, 7, 9, = Leonia, 
The ا‎ ninth, and tenth siew of the Chinese system altogether 
n with the groups marking the Hinda.and Arab man- 
to the southward of the ecliptic, in eens 1 
Biot, to the equator of the period when they were a 
lished, “The eighth, Sing, iso Hydre (2), having longitude (A.D. 560) 
1277 10१ latitude ३२० 25“ 5 
11, 18..PAalgunt ; or, a6 plural, phalgunyas ; the चा, phalgunydu, 





is also found : this treatise presents the derivative form phddguni, which 


is not infrequently ogre loyed elsewhere. The worl is likewise used to 
م‎ te a species of ee: its derivation, and its meaning, as applied 
5 asterisms, is unknown to us... Here, كه‎ in. two other instances, 
later (the 20th and Qist, and the 26th and 27th asteriama), we have 
two groups called by the same name, and distinguished from one another 
as pirea and utiero, “former” and “latter”"—that is to say, coming لقع‎ 
and Inter to their meridian-transtt.. The true original character ond 
composition of these three double esterisms has been, if we are not mis 
taken, not a little altered and obscured in the description of them fur- 
nished to us; owing भ (क to. the ignorance or carelessness of the 
describers, and espectally to their not having clearl distinguished the 
characteristics of the combined constellation from those of its separate 
In each case, a couch or bedstead (इतक, + poryonta 
प as the figure of one or both of the parts, and we recognize in 
ع اي‎ common 0 of 0 roe of four stars, form 
Se lar oblong re, which ted, "Thee Reus resent- 
sine nnsuitably, if rather prosaically—by a bed. This figu in the 
ease of the Phalgunls, is com of 6, ,قم بن‎ and 9 Leonis,.a very 
distinct and w arked conste herd containing two stars, 8 and ,م‎ of 
the second to magnitude, one, +, of the third, and one, 03, of the 
fourth, ‘The symbol of a bed, properly belo nging to the whole constel 
lation, is given by all the authorities to both the two parts into which it 
is divided, Exch of these latter has two stare assizned to it, and the 





junction-stars are said (१. 18) to be the northern. The first shes a 


then, clearly identifiable nd 2 Leonis, the former and br 
being the distinctive star 

Pirva-Phalgoni = = = 1395 33° = a 11" 19° Be 

8 Leona... + = = 141515“ أب‎ 16° 1 

9 [वि , = = = = = Fad" af’ 2 9 do त 


The Siddhanta-Ciromanit ,عاك‎ and the Graha-Laghava, give Parva- 
Phalgunl res ues 3° and 4° more of polar longitude than the Sirya- 
Siddhinta. ese are more notable variations than arc found in any 
other case, and they appear to us to ii mt these treatises intend to 
designate بك‎ the southern member of up, os i 
have accordingly added its position अन्तकः 

In the latter group, the junction-star is evidently 
Uttara-Phalgunt = = . 250% 30’... . sa? $" अः 
B leon... === 150937... a न 

3 | 
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382 27 Biirgess, ete., ] 9. 
1 9 Agleshe ; or, as ploral, deleshds; the word is also written dcreshd: 


its appellative meaning is “entwiner, embracer,” ‘With the name accord 
the divinities to whom the regency of the asterism is assirned, which 
are sarpds, the serpents. The number of stars in the group is stated as 
five by all the authorities exceptin ध the Khanda-Katakas, कता rends six: 
their configuration is ae vstnted by a wheel, The star م‎ Cancri (4) is 


poitted out by Colebrooke us the’ junction<tar of Acleshh, ا‎ ١ 


irom the near correspondence of its latitude with that assigned to the 
latter, for he says nothing’ in connection with it of his native helpers : 
but क Cancri is not the eastern (४, 19} member of me ts : ५ of five stars; 
‘nor, indeed, is it a member of any distinct group at all. Now the Home, 
figure, and divinity of Aclesh& ate ‘all distinctive, and point to a constel- 
lation of a bent o circular form: ‘and if we go a little farther south- 
ward from the ecliptic, we find precisely such a constellation, and one 
contains ae \ Moreover, the corresponding Chinest di native. The 
group ~ het in the head of Hydri, ory, ०, १, ९, ¢ Hydrm, = and 9 being 
of the fifth magnitude, and the rest of the fourth: th शात arrangement is 
conspicuously circular, There can be'no doubt, therefore, that the 
on of the asterism is in the head of Hydra, and » Iydrm, its 





च ig 4.5), is the junctionstar: 
52 الطوواوق‎ = 7 10g? 57... . 65 Sarg. 

Hyde... + 1132 مد‎ , = , 115 8 
eee Sane. =-= . 113? ff... = 5०३८ 
_ The error of the Hindu determination of the latitude is, indeed, very 
considerable, yet not greater than we aro compelled to accept in one or 
two other eases, The Khanda-Kataka increnses 11 giving the aster- 
— m 6° instead of 7° of polar latitude, The Siddhinta-Ciromani ete, 
deduct 1° from the polar longitude of the cat? wSiddhinta, and th 


Graba-Lighava deducts 2°: both variations would add to the error in 
toner ह, 


= पात (being rated in the Groenw. Cat. as of magnitude 3,4, 





sia _ The Arab नास्य is, in this instance, far removed from the Hindu aster- 
un, being composed of ई Cuneri (ठ) and 1 Leonis,( (5.4), and called at- 
Tarf, “the 10००-1. ९, of the Lion. The seventh Chinese sicu, Lien, is, 
as 14 noticed, included in the Hindu group, being 8 Hydrm, 

__ 10. Maghé ; or, as plural, maghds م‎ “mighty.” The pifaras, Fathers, 
Or manes of the - parted, are the regents of the asterism, which is lige 
tred كم‎ a house, — t is, according to most authorities, composed of five 
stars, of which the southern (v.18) is the junction-star. Four of these 
must be the bright stars in the neck and side of the Lion, or ب‎ 7, 9, and 
= Laon of magnitudes 4.5, 2, 4.4, and 1.2 rezpectively; but which 
should be the fifth is not easy to determine, for there is no other single 
star which seems to form 1 a member of the same group with 
these ied (5), = 3 org (4) might be forced into a connection with 
them. 41115 difficulty would be removed ४८ adopting, with the Khanda- 
Kataka, six ‘os the number of stars included in the asterism: jt would 
then Ne composed of all the stars forming the conspienous constellation 
familiarly known as * the Sickle.” ‘The star « Leonis, or Regulus, the 
most brilliant of the group, is the jinction-star, and its position is defined 
with unusual precision: 0५7 २५३ J 
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viii, 8) Stirya-Siddhanta. 381 
of the asterism is Aditi, the mother of the Adityas. Its dual title indi- 
eates that it is com व d of two etars, of nearly eq nal brilliancy, and 


two is the number allotted to it by the Cakalya and Khanda-Kataka, the 
eastern being pointed out below (vy. 19) as the juuction-star. ‘The pair 
are the ewe right stars in the heads of the Twins, or ० and 9 Gemino- 
ह tum, and the latter (1.2) ts the junction-tar, The comparison of posi- 
+ tions is ०3 follows: 
Ponorvam = = ~ = पत 53 = = ~ = 6 ०0 0, 
8 Geminorum. = . 9395 1d’. = = * 6> 349 I. 
The Graha-Lighava adda 1° to the polar longitude of Punarvasu as 
stated by the other authorities. te 4 ~+ 
Four stars are by some assigned to this asteriam, and wath that num- 
ber corresponds the representation of its arrangement by the figure of 
م‎ house: it is quite uncertain which of the neigh स: stars of the same 
constellation are to be added to those above mentioned to form the group 
of four, but we think A magn. 4) and v (5) those most likely to have 
been chosen: Colebrooke suggests 3 (3.4) and t (5.4). 
The determinative of the fifth siew, Tsing, is ^ Geminorum (3), which, 
as we have seen, is reckoned among the stars composing the sixth 
manzif: the seventh manzil includes, like the Hindu asterism, ० and 
Geminorum: it is named adh-Dhird’, “the paw"—i.e., of the Lion; the 
firure of Leo (see Ideler, p. 152 etc.) being by the Arabs so stretched 
out as to cover parts of Gemini, Cancer, Canis Minor, and other neigh- 
8, Pushya; from the root ,تدمع‎ “nourish, thrive’; another frequent 
name, which is the one employed by our treatise, is ,سولق‎ which is 
translated “auspicious”; Amara gives also sidAya, Bt gp es sperous.” . Its 
divinity is 4 iti, the priest and teacher of the | It comprises 
three stars—the Khanda-hataka alone seems to give it but one—of which 9 
the middle one is the junction-star of the asterism. This is shown by 
the position assigned to it to be ل‎ Caneri (4): 
ورسخ‎ = «+ + 1007 क ज + = = OF كه‎ 
6 (त्वा, ~ = + 14858 dah. = = of 4 NL 

The other two are doubtless y (4.5) and 2 (6) of the same constellation: 
the asterism is figured as a crescent and as an arrow, and the arrange- 
ment of the group admits of being regarded as representing a crescent, 
or the barbed head of an arrow. Were the arrow the only figure any 
it might be possible to regard the group as composed of 7, 8, and 8 (4), 
the Intter representing the head of the arrow, and the nebulous cluster, 

Prosepe, between م‎ and بك‎ the feathering of its shaft: 2 (105° 43°— 
0? 48" 5.} would then be the junction-star, 

The Arab monzi/, an-Nathrah, “ the nose-gap"—i. e, of the Lion— 
comprises 7 and ठ Caneri, together with ete pe; or, according to somo 
suthoritices, Presepe alone. The sixth siew, Kuei, is & Cancri, 9. star 
which is, at present, only with difficulty distinguished by the naked eye. 
Ptolemy rates it as of the fourth magnitude, hike عر‎ and च: perhaps it is 
one of the stars of which the brilliancy has sensibly diminished during 
the past two or three thousand years, or else a warinble ‘star of very 
long period. The possibility of such changes requires to be taken into 
socount, in comparing our heavens with those of so remote a past. 






20 = 8 का ا‎ ऋ ا‎ | 
555 भन = ^ 48) 1. 
। | | 


Tn this erroneous determination of the latitude all authorities agree : 
the म अक 1~ to the error in polar longitude, reading 62° 
instead of 63°. । | 

_ Here again there is an entire 0 among the three systems com- 
pared. The Arab manzil, il-Hak'ah, is composed of the same stars 
which make up the Hindu asterism: the third siew, named Tse, is the 
Hinda_junction-star, 1 Orionis | 

6, Ardré, “moist :" thenppellation very probably has some meteoro- 
logical ground, which we have not traced out: this is indicated also by 
the choice of Rudra, the sgh , عم‎ regent of the asterism, It com- 
prises a single star only, and is figured na 9 It is impossible not to 
regard the bright star of the first magnitude in Orion's right shoulder, 
of ॐ Orionis, as the one here meant to be ber magi ed, notwithstanding 
snip फ़ grave errors in the definition of its पय iven by our text : 
the only visible star of which the situation at all nearly answers to that 


definition is 185 Tauri, of the sixth magnitude; we add its position 


below, with that of a Orionis - 


59S‏ دما ..."6950 = + + ممق 
Orionia . = © ` ह 64° 3’ धः ज ४ कः 167 4’ 8,‏ @ 
يق ae bie a प्रे io’‏ جرع Tauri er ज‏ 135 


The distance from the sun at which the helincal rising and setting of 
Ardri ei stated below (ix. 14) to take place would indicate a star of about 
the third magnitude: this adds to the difficulty of its identification with 
cither of the two slams compared. We confess ourselves tnable to 
account for the confusion existing with regard to this asterism, of which 
कतौ also could obtain no intelligile account from bis Indian 
teachers. Bot itis to be chserved that all the authorities, excepting our 
text and the (ikalya-Sanhiti, give ^+ वा 11° of polar latitude instead 
of 9९, which would reduce the error of Intitude, as compared with च 
Oriodis, to an amount very little greater than will be mot with in one or 
two other cases below, w — the star is situated south of the ecliptic : 
and it is contrary to all the analogies of the system that faint star 
should have been selected to form by itself an asteriam. “The Siddhanta- 
Ciromani ete. make the Eee longitude of the asterism 20 less than that 
given by the Sirya-Siddhanta, and the Graha-Laghava 1° 20 less: these 
would add so much to the error of longitude. 

Here, for the frst time, the three systems which we are com ring 
disagree with one another entirely, The Chinese have adopted for the 
determinative of their fourth ,نعم‎ which is styled Tsan, the uo pper star 
in Orion's Sate ord Orionis (2)—s strange and arbitrary selection, for 
which 21. Biot is unable to find any explanation, The Arnbs have estab. 
lished ee sixth station close to the ecliptic, in the feet of Pollux, nam- 
ing it al-Han’ah, “the ह: jt ee rises the two stars ع‎ (2.3) and € 
(3.3) Geminorum : some authorities, howeVer, extend the limits of the 
mansion so far as to include also the stars in the foot. of the other twin, 
or 5, ¥, # Geminorum: of Which the Intter isthe next Chinesp sie, 

7. Punarvasu ; in all the more ancient lists the name appears #5 6 
غ'‎ aoe iu Punorresit: it is derived from पीत) 19 and 50 “ good, 
rilliant” :. the reason of the designation ia not apparent. The regent 
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The SiddhAnta-Ciromani ete. give Krttiki 2! less of pe lar lon Saini 
than the Sirya-Siddhinta, and the Graha-Lighava, on the other hand, 
30’ more: the Iatter, with the Khanda-Kataka, agree with our text 
ii, hee gards the polar latitude, which the others reckon at 4° 30’, instead of 5°. 

ह Pleiades constitute the third manzil of the Arabs, which is de- 
nominated ath-Thuraiya, “the little thick-set group,” or an-Najm, “the 
constellation.” Alcyone is likewise the first Chinese stew, which is 
atyled Mao. . ae 

+, Rohini, “roddy"; so named from the hue of its principal star. 
Prajipati, “the lord of created beings,” is the divinity of the asterism. 
Tt contains five stars, in the grouping of which Hinda fanc 1. seen the 
figure of a wain (compare प, 15, be 9); some, however, figure it a5 ه‎ 
temple. The constellation is the well-known one in the face of Taurus 
to which we give the name of the Hyades, 8 a, 3,7, 3,0 Tauri; 
the latter, the most Caen Bur 19) and the brightest of the group— 
bei i: the brilliant star of the first magnitude known as Aldebaran—is 
the junction-star, as is shown by the annexed comparison of positions: 

Robin... = = 48° of... , = 4०478 
Aldeboran . = = 4g? 45"... - 59 'مة‎ 8, 

The So oat elena 2 ani ete. here again present the insignificant vari- 
ation from the pe longitude of our text, of 2’ less: the former also 
makes ita polar । serge 4° 50°: the Graha-Lighava reads, for the polar 
+ + itude, 40. All these variations add to the error of defined position. 

16 fourth Arab manzil is composed of the Hyades: its name is ad- 
Dabarin, “the follower”—i. ९, of the Pleindes, We would suggest the 
inquiry whether this name may not be taken as an indication that the 
Arab system of mansions once began, like the Chinese, and like the 
Hindu system originally, with the Pleiades, There is, certainly, no very 
obvious propriety in naming any but the second of a series the “follow- 


ing” (sequens or secundua). Modern ल has retained the title as 
that of the principal star in the group, to which alone it was often also 
apy em by the Arabs. 

The second Chinese sie, Pi, is the northernmost member of the same 
group, ore Tauri, a star of the third to fourth magnitude. 

5. Mrgacirsha, or mrgaziras, “ antelope’s head"; with this name the 
figure assigned to the asterism corresponds: the reason for the designa- 
tion we have not been able to discover. Its divinity is Soma, or the 
moon. It contains three stars, of which the northern (v. 16) is the 
determinative. These three can be no other than the faint cluster in the 
head of Orion, or >, تي بتي‎ Orionis, although the Hinda measurement 
१. osition of the junction-star, 4 (magn. 4), is far from accurate, 

regards its latitude :‏ | ظ 
Mrgngirsha , .. . 61? उ 9? 49" 8.‏ 
A Oriopis = =-= = 635 do’... . 239 35” 8.‏ 
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प seventh siew, named Len (M. Biot has omitted to give us tho 
signification of theae titles), is مق‎ Arietis, the Hindu junction-tar 

2. Sharan; also, as plural, bAcranyas; from the root bar, “carry”: 
in the Taittirlya lists the form opabhareni, “bearer away,” in singular 
and ploral, is also found. Its divinity is Yama, the miler of the world 
of departed spirits; it is figured as the yoni, or ण muliebre., 
All authorities agree in assiirning it three stars, and the southernmost is 
pointed out below (v.15) as its junction-star. The group is ध iaestion- 
ably. to be identified with the triangle of faint stars Iying north of the 
back of the | aren $5, 90, and 41 Arietis: they are figured by somo as 


a distinct eo ition, under the name of Musen Borealis. The desig- 


mation of the southern ns the junction-star is not altogether unambigu- 
ous, 98 35 and 41 were, in A.D, 580, 5-5 nearly equidistant from the 
equator; the latter would seem more likely to be the one sare ttt 


‘since it is nearer the ० and the brightest of the group- 
1 


the third magnitude, while the other two are of the fourth: the defined 
position, however, agrees better with 35, and the error in longitude, as 


‘compared with 41, is greater than that of any other star in the series : 


1, 5 ا‎ ऋ 35 wo. a” 6" ON, 
tinh 06 Arietis (a न्ह) = = अ 44"... rr? “جو‎ BY, 
41 Arieti(e Masee) ~ = 28 10". ©. . ro? 2 WN. 


The Graha-Lagheva gives Bharani 1° more of polar longitude: this 
would reduce 6¥ the same amount the error in the determination of its 
ngitude by the other authorities. 
th fhe second Arab menzil, al-Butain, “the little belly"—i. ९ of the 
Ram—is by most authorities defined as comprising the three stars in the 
haunch of the Ram, i #, ,ل‎ and £+ (or else ट} Arietis, Some, however, 
have regarded it ns the same with Musea; and we cannot but think that 
al-Birdni, in identifying, as he does, Gharanl with al-Butain, meant to 
indicate by the latter name the group of which the Hindu asterism is 





actually composed. 


The last Chinese siew, Oci, is the star 35 Arietia, or ه‎ Muse. 

3. Arttika ; or, 2 pluml, éritikds: the appellative meant ng of the 
word is doubtful. The eee of the asterism is Agni, the god of fire. 
The १ composed of six stars, is that known to us as the Pleindes, 
It is figured by some asa flame, doubtless in allusion to its 1 
divinity : the more usual representation of it isa razor, and in the choica 
of this symbol is to be recognized the influence of the etymology of the 


‘ame, which may be derived from the root dart, “cut;” in the configur- 


ation: of the a roup, too, may be seen, bya sufficiently prosaic eye, a 


broad-bladed knife, with a short handle. “If the designation given below 
0.16) of the southern member of the group ns its junction-star, be 


more? iy true, this is not Alevone, or बृ Tauri (magn. 3), the brightest of 
fhe six, but either Atins (27 Tauri: magn. 4) or Merope 343: £ 
magn, 5): the two latter were very nearly equally distant from the 
equator of A.D. 580, but Atlas is a little nearer to the ecliptic. The 
defined position agrees best with Alcyone, nor can we hesitate to regard 
this सपा the junction-star of the .سمسعتمعافة‎ We compare the posi- 
tions below : | 
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hands: and ا‎ (her with a more exact comparison than was 
attempted by Colebrooke of the positions given by the Hindus to their 
junction-stare with the data of the modern catalogues, and a new and 
independent combination of the various materials which he himself fur- 
nishes—while they have led us to accept the greater number of his iden- 
tifications, often establishing them more confidently than bi was able to 
do, have also enabled us in many cases to alter and amend his results. 
Such a re-cxamination was necessary, in order to furnish safe ground for 
a more detailed comparison of the three systems, which, as will be seen 
hereafter, leads to important conclusions respecting their historical rela- 
tions to one another. 





1. Arvint م‎ this treatise exhibits the form acrini ; in the older lists, 
as also often elsewhere, we have the dual agvindu, apvaynjdu, “the two 
horsemen, or Acvins.” The Acvins are 0 in the ancient Hindu 
mythol ogy ‘somewhat nearly lace tr to the Castor and Pollux of 
the Greeks, They are the divinities of the asterism, which is named 
from them. The group is figured as a horse's head, doubtless in guns 
to its presiding deities, and not from any imagined مودس ميد‎ the 
dual name leads ns to expect to find it composed of two stars, and that 
is the namber allotted to the asterism by the QAkalya and Khanda- 
Kataka. The Sdrya-SiddhAnta (below, v. 16) designates the northern 
member of the grep روم‎ as its junection-star: that this ए. आ star 2 Arietis 
(magn. 3.2), and not = Arietis (magn. 2), عد‎ assumed by Colebrooke, قا‎ 
shown by the following comparison of positions 

Acvinl. , = . long. AD, 660, 11° 59’... = Jat "و‎ 11" 5+ 
9 Arietia. + ~ do. 13° 56"... = = do, 55-387“ 1 
@ Arietin . ع‎ = da, wae... . . do “و‎ 57M, 

Colebrooke was misled in this instance ५५ adopting, for the number 
of stars in the asterism, ५ as stated a ¦ later व then 
applying to the group as thus composed the designation given by our 
text of the relative poi ¢ ition of the janction-star as the northern, and he 
accordingly overlooked the very serious error in the determination of 
the longitude thence resulting. Indeed, throughout his comparison, he 
Be ives too great weight to the determination of latitude, and too little to 
that of longitude : we shall see farther on that the accuracy of the lat- 
ter is, upon the whole, much more to be depended upon than that of the 
former. 

Considered a5 a group of two stars, Acvinl is composed of fand y 
Arictis (magn. 4.3); as a group of three, it comprises also ० in the same 
constellation. 

There is no discordance among the different authorities examined by 
ns as regards the position of the junction-star of ,اموق‎ either in lati- 
tude or in longitade. The ease is the same with the Sth, 10th, 12th, 
and ee asterima, and with them alone, 

The first Arab monazil is likewise composed of and 7 Arietis, to 
which come add a: it is called ash-Sharatin, “the two tokens”—that is 
to say, of the opening year. 

The Chinese series of stew commences, as did anciently the Hinda 
system of asterisms, with that which is later the third asterism. The 


826 ऋ, Burgess, etc., {riii. 9. 


tradition has been of स authority ns च the Seriya 
composition of the groups of stars constituting the asterisms: these 
must be determined a the evidence of the more ancient data handed 
down in the astronomical treatises. , . 

In order to an exact comparison of the positions of the junction-etars 
as defined by the Hindus with those of stars contained in our cata- 
rN: we have reduced the polar lo ngi ritudes and latitudes to true longi- 

ades and latitudes, by the following formulas (see Fig. 90): 
)1 4نم‎ Aa) cot ELC = tan Sah 
دنا‎ Si cot Sah == ein ab 
Aa being the polar lon gitude ns stated in the text [== La-+ 180°), Sa 
the latitud ic, 5 ¢ the true lati- 


polar latitude, E L © the inclination of the uy 
tude, and a4 a quantity to be added to or subtracted from the polar lon- 


gitude to give the true longitude. The trne secre of the stars com- 


pared we take from Flamateed’s lier a | nieuws, subtracting in 


each case 15° 42" from the longitudes there given, in order to reduce 
them to distances from the vernal equinox of A. D. 580, nsaumed to 
coincide with the initial Ee of the Hindu sphere. There is some 
discordance among the different Hinda authorities, as regards the stated 
positions ositions of the junction-stars of Anya सथ ४ क 
indeed, eee in ¢very point precisely with the Sarya-Siddhinta. Dut 
the Siddhinta-Ciromani often gives a somewhat different value to the 
polar jong itude or latitude, or both. With it, so far aa the jong itude is 
concerned, exactly accord the Grabma-Siddhinta, as reported by Cole- 
brooke, and the Khanda-Kataka, as reported by al-Birinl. The Inti- 
tudes of the Brahma-Siddhinta also are virtually the same with those of 
the Siddhinta-Ciromani, their differences never amounting, save in 9 
single instance, io more than ३"; bot the latitudes of the Khanda-Ratakn 
often vary considerably from both. The Graha-Lighava, the only other 
authority accessible to us, presents a series of variations of its own, inde- 
pendent of those of cither of the other treatises. All these differences 
are reported by us below, iu treating of each separate asterism. ‘The 
ae siding divinities of the asterisms we give upon the authority of the 
fhittiriya-Sanhité (iv, 4. 10. 4 the TAittiriya-Brihmann (iii. 1.1,2, as 
cited by Weber, Zeitsch. £ 4. K. .ل‎ Mo ५4 vil. 266 ete, an ॥ Ind. Stad., 
i. 90 ete), the Mobhirta-Cintimani, and Colebrooke: those of about 
half the asterisms are also indirectly given in our text, in the form of 
- न for the asterisms derived from them. । 
ie names and situations of the Arab lunar stations are taken from 
Ideler’s Untersuchungen fiber die Sternnamen: for the Chinese man- 
sions and their determining stars we rely solely upon the articles of 
Biot, to which we have already referred. 

‘It has seemed to us advisa bh e, notwithstanding the prior treatment by 
Colebrooke of the same subject, to enter into a careful re-examination 
and identification of the Hindu astorisins, because we could not accept 
in the bulk, and without modification, the conclusions at which عط‎ arrived. 
The identifications by Ideler of the Arab mansions, nore thorough and 
correct than any which had potas p reviously made, and Giot's compari- 
aon of the Chinese करण, have placed new and valtiable materials in our 
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their primitive identity with the Hindu asterisms demonstrated, by Fit 
in a series of articles published in the J ae des Sarants for 1840; and 
he has more recently, in the volume of the same Journal for 1839, re- 
viewed and restated his former exposition and conclusions. These we 
shall present more fully hereafter: at present it will be enongh to say 
that the Chinese divisions are equatorial, not zodiacal; that they are 
named शह, “mansions”; and that they are the intervals in right sscen- 
sion between certain single stars, which are also called siew, and have the 
same title with the divisions which they introduce. We propose to pre- 
sent here a summary comparison of the Hindno, Arab, and Chinese sys- 
tems, in connection with an identification of the stars and groups of 
etars forming the Hindu asterisms, and with the statement of such 
information नः the latter, beyond that given in our text, a3 will 
beat contribute to a full understanding of their character, 

The identification of the asterisms is founded upon the positions of 
their princi: ए al or junction-stars, as stated in the astronomical text-books, 
upon the relative places of these stars in the groups of which they form 
a part, and upon the number of stars composing each group, and the 
gers by which their arrangement is represented: in a few cases, too, 

¢ names themselves of the astericms are distinctive, and assist the iden- 
tification. The number and configuration of the stars forming the groups 
are not stated in our text; we derive them mainly from Colebrooke, 
1 ough ourselves nlzo rt had access to, and compared, most of his 
authorities, namely the aver anhis, the ब. व) and 
the RatnamaAlé (as cited by Jones, As. Res., ergs a Sir William Jones, 
it may be rem 4 ed, furnishes (As. Res., i, 203, plate) an engraved copy 
of drawings Aci b ११ native artist of the figures assigned to the aster- 
isms, For the number of stars in each group we have an. additional 
sothority in al-Birini, the Aral savant of the eleventh century, who 
trayelled in India, and studied with especial care the Hindu astronomy. 
The information fnrnished by him with regard to the asterisms we derive 
from Biot, in the Journal des Savants for 1845 (pp . 39-54); it professes 
to be founded upon the Khands-Kataka*® of Brah mage pta, Al-Birinl 
also gives an identification of the asterisms, so far us the Hindu astrono- 
mers of his day were able to furnish it to him, which was only in part: 
he is obliged to mark seven or eight of the series as unknown or doubt- 
ful. He speaks ve 13 slightingly of the practical acquaintance with the 
heavens possessed by the Hindus of his time, and they certainly have 
not since improved in ५ : the moder fnvestigators of the 
samc subject, as Jones and Colobrooke, also complain of the impossi- 
bility of obtaini ng from the native astronomers of India satisfactory 
identifications of the asterisms and their junction-stars, The translator, 
in like manner, Spent प्ली time and effort in the attempt to derive 
such information from his native assistant, but was able to arrive at no 
results which eould constitute any valuable addition to those of Cole- 
brooke. It is evident that for centuries past, as at present, the native. 








* The true form of the name is no! altogether certain, it being known only 
than coniplate work ef ya plion; it مصعم‎ to designate rather a chapter in a treatise 
than 5 complete work of fle aathor designate rather a chapter ina 
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the asterism Cravishth& ix between the third and fourth و سم‎ 
correspondence (८५6३ a two systems—the aA costa عون‎ Abhijit being left with- 
ont 9.76 er , and the “pallet eles द ho asterism—th श्मः 1 al they 
go on again harmoniously together to the close, The figure illestrates 
clearly this condition of things, and shows that, if Abhijit be left out of 
account, the 9 stems agree so far as this—that twenty-six asteriams 
fall within the limits ef 10113095 bearing the same name, while all the 
discordances are confined to one ports tion of the ec Hp tic, that comprising 
the 20th to the 23d portions. If, on thé other hand, the ecliptic be divi- 
ded into twenty-eighths, and if these be assigned as portions to the 
hi عه‎ ht asteriams, it is seen from the figure that the discordances 
between the two systems will be very great; that only in twelve instan- 
لاجو‎ a portion bo occupied by the asterism bearing its own name, and 
that alone; that in sixteen cases asterisms will be found to fall within 
by re limite of portious of different name; that four portions will be left 
without any asterism at all, while four others will contain two each. 
These discordances are eno ngh of themselves to set the whole snb- 
hed of the nsterisms ina new light. Whereas it might have seemed, 
om what we have र of it heretofore, that the system was founded 
upon a division of the ecliptic into twenty-seven equal portions, and th 
selection of a star or a constellation to mark each portion, and to be, as 
it were, its ruler, it now appeats that the series of twenly-ci aster- 
isms may be something in 0 of, and anterior to, any division of 
the ecliptic into equal arcs, and that the one may have been only arti- 
fictally brought into connection with the other, complete harinony 





Between them being altogether impossible, And this view is fully مومه‎ 


tained by evidence derivable from outside the Hindu science of astron- 
omy, nd beyond the borders of India, The Piirsis, the Arabs, and the 
Chinese, are found also to be in possession of a similar system of divi- 
sion of the heavens into twenty-eight portions, marked or separated by 
ونم كه‎ single stars or constellations, Of the Parsi em stem 11118 or 
nothing is known excepting the number and names of the divisions, 


` which are given in the second chapter of the Bundehesh (see Anquetil 


du Perron's Zendavesta, ete, 11, 349). The Arab divisions are styled 
mandzil af-Lamer, “lunar mansions, stations of the moon,” being brought 
into special connection with the moon's revolution ; they are marked, 
like the Hindu = portions,” by groups of stars. The first extended com- 
ee of the Hindu asterisms and the Arab mansions was made by Sir 
William Jones, in the second volume of the Asintic Researches, for 1790: 
it was, however, only a rude and imperfect sketch, and Jed its anthor to 
no valuable or trustworthy conclusions, 'The same supa ison was taken 
up Inter, with vastly more learning and acuteness, by Colebrooke, whose 
valuable article, published also in the Asiatic Researches, for 1807 (ix. 


| 323, 1; Essays ii, 321, a a ever since remained the chief source 


os knowledge = the Hindn asterisms and their relation to the 
عفدنا‎ mansions of the Arabs, To Anquetil (च ats is due the credit 
of the first suggestion of a coincidence between the drei, Hindu, and 


Chinese systems: but he did क more than sggest tit: the origin, 
character, and use of the Chinese divisions wore established, and 
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Our calculations, it should be remarked, are founded upon the as- 
sumption that, atthe time when the observations were of which 


our text records the results, the vernal equinox coincided with the 
tin] point of the Hindu sidereal sphere, or with the "श م‎ of 
tion of the asteriem Acvinl, a point 10° eastward on ecliptic 
hes ध त Was क the द्‌ above, under i, 
about A. 3 ه‎ question how far this assomption is sup- 
orte ^ evidence contained in the data themselves will be considered 
To fill out the table, we have also added the intervals in right 
lar longitude, 

‘The stars of शर the text thus accurately defines the positions do 
not, in most cases, by themselves alone, constitute the asterisms (nak- 
ira) ११६६ are ९ the principal members of the several groups of 
—eath, in the calculation of conjunctions (yoga) between the plan- 
ets and the asteriams (see below, vv, 14-15), rep rae ting its group, and 
the oe 16-19) the “junction-star” (yogutdrd) of 


the asterism. | 
It will at once noticed that while, in > former passage 4) the 
ecliptic was divided into twenty-seven equal ares, as hor aster- 
‘eh sees here presented to us twenty-eight astgrisms, very unequally 
Along the ecliptic, and at greatly varyitig distances from it 
f مد‎ much consequence, in order to the might under- 
character and history of the whole system, to apprehend 
ion of the groups of stars to the ares allotted to them, 
repared the ‘accompanying diagram ‘ig. 4 the 
The represents, in tivo parts, the circle of 
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the ९। the central lines is marked its division into arcs of 
ten at upon the outside of these lines it is farther divided 
inte € venths, or. arcs of 13° 20, and प he inside 1 
equal 1105, or-arca of 12° 513/; these hatte the portions 


(dkoga) systems of asterisms, twenty-seven and twenty-eight in 
nom ber respectiv tively. The starred lines shh rin across all the divisions 
mark the polar longitudes, as stated in the of the jim tars of 
the و‎ names of the latter are set over against the | 
olumns: the names of the portions in the system أن‎ twenty 
ere given in fallin the outer columns, and those in the system of 


eight are also placed opposite the portions, upon the inside, im an abbre- 















Th tt expressly states which one of the trenty-eigh 
isms which it recognizes is, in its division of the SH © only twenty- 
sen rt ons, left without a portion. That Abhijit, th 6 11, + 
०४ धि a th 






‘series, كا‎ the one thus omitted, er, is clearly impli 
the fourth and fifth verses, Those statemi iis, छ 


षद क are mae entirely car by sips 

cc ‘and portion mak fen where # مم‎ 3) a 

ee Poa Uttara- ha is at the middle of the por- 
on Farva-Ashddhd; the position of the asterist bona ti 

nd of the portion receiving its name from Uttara-Asbidhh 
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Pecan Ane familiarly ae + known: the others will be stated farther on. 
early all these titles are to. be found in our text, occurring here and 
there: a few of the ssterisms, however, (the Sth, th, 0th, and 17th), 


are mentioned only by appellations derived from the names of the dei- 
ties to whom they are regarded as belonging, and one (the 25th) chances 
not to be once distinctively spoken of We append to the names, in a 
tabular form, the data presented in this الود ألو‎ ; uamely, the position 
of each asterism (nakshatra) in the arc of the era to which it gives 
name, and which is styled its “portion” (b4oga), the resulting polar lon- 
gitudes, and the polar latitudes. And since it is probable (see note to 
the latter half of v. 12, below) that the latter were actually derived by 
calculation from true declinations and right ascensions, ascertained by 
observation, we have endeavored to restore those more original data by 
calculating them back again, according to the data and methods of this 
Siddbinta—the declinations by ii. 28, the right ascensions by 111. 44-48 
—and we insert our results in the table, rejecting odd minutes less than 
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circle throngh that po १ Thus, in the figure; the declination (095) of 
8 would be ca, el distance of © कणा) the equator at ¢: its latitude 
(vikshepa) is a 8, or its distance from 6 We have, accordingly, the 
samme term used here us before. To designate the position inlongitude 
of च, on the other hand, we have a new term, dAruea, or, a4 below, (vv. 

19, 15), dhruveka,’ This comes from the adjective dhruva, + fixed, 100 

movable,” by which the poles of the heaven (see below, xii. 43) are desig- 
nated: and, if we do not mistake its application, it indicates, as here 
rr the os gitude of 9 star as referred to the ecliptic by a cirela 
from the pole. We venture, then, to translate it by “polar longitude,” 
وعد وو‎ also render vikshepa, in this connection, by “ polar latitude,” ५ 
being desirable to have for these quantities distinctive names, akin 
with one another: -Colebrooke employs “apparent longitude and ‘Isti- 
tude,” which are objectionable, as: being more’ properly applied to the 
results of the process taught’in the Inst chapter (vv. ‰-10); ae 

The mode of statement of mee olar longitudes ९५४. artificial and 
arbitrary : a number is mentioned which, when multiplied by ten, will 

position of cach asterism, in minutes, in its own “ portion”‏ اسم 

bhoga), or are of 19° 20' in the ecliptic (see ii. G4). १ 

This pases peers #بانة‎ sents a name for the asterisms, dhizhaya, which has 
not occurred before ; it is found once more below, in xi. 21. । 
। 2. Forty-eight, forty, sixty-five, fifty-seven, fifty-eight, four, 
Sarees SEN seventy-six, fourteen, 

8. Fifty-four, sixty-four, fifty, sixty, forty, seventy-four, sev- 
enty-sigh t, sixty-four, 

व Fourteen, six, four: Uttara-Ashfdhii, (vdiigva) is at the 
middle of the portion (एन्व्‌) of Pairva-Ashadha (dpya) ; Abhi- 
jit, likewise, is at the end of Piirva-Ashadhd; the position of 
Cravana is‘at the end of Uttara-Ashidh&; ; 

5 متسل‎ on the other hand, is at the BF {० of connec- 
tion 6 Fas third and fourth quarters (pada) of Qravaga; then, 
in their own portions, eighty, thirty-six, twenty-two, - ve 

6. Seventy-nine, Now their respective latitudes, reckoned 
from the point of declination (apakrama) of each: ten, twelve, 
five, north; south, five, ten, nine; = 


7. North, six; nothing; south, sevens north, nothing, twelve, 
0 


thirteen; south, eleven, two; then thirty-seven, north; 

8, South, one anda half, three, four, nine, five and ४ half, five; 
north, also, aR) , thirty, and also thirty-six ; 

9. South, halfadegree; twenty-four, north, twenty-six degrees; 
nothing—for Agvini (dasra), ete., in succession. = 


The text here assumes that the names of the asterisms, and the order 
of their succession, are so familiarly known as to render it unnecessary 
to rehearse them, | It es been already noticed (see above, i,.48-51, 55, 
50-58, etc.) thats similar assumption was made as regards the names 
and succession of the months, signs of the sodinc, years of Jupiter's 
cycle, and the like, Many of the asterisms have more than one. appel- 
lation : We present in the annexed table those by which they are more 
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CHAPTER VIII. 
OF THE ASTERISMS. 


Coxresra:—1-9, positions of the asteriame: 10-14%, of certain fixed stars; 12, dirre- 
tion to test by observation the accuracy of these positions ; 15, splitting of 
प्रपा wain: 14-15, how to determine the conjunction of a planet with an 
asteriem = 16-19, which is the junction-star im each osteriem ; 20-21, positions of 
other Ged stare 


1. Now are set forth the positions of the asterisms (100), 17 
minutes, If the share of each one, then, be multiplied by ten, 
and inereased by the minutes in the portions (bioga) of the past 
asterisms (dliazhnya), the result will be the polar longitudes 
(दधिष). 

The proper title of this chapter is nakehatragroheayulyadhiidra, * chap- 
ter of the conjunction of asterisms and planets,” but the subject of con- 
junetion occupies but a small space in it, being limited to a direction 
(vv. 14-15) to apply, with the necessary modifications, the methods 
taught in the preceding chapter. The chapter is mainly occupied with 
such a definition of the positions of the astersms—to © hich are added 
also those of a few of the more prominent neous » the fixed stars—as 19 
necessary in order to render their conjanctions capable of being calculated. 

Before proceeding to give the passage which states the positions of 
the asterisms, we will explain the manner in which these are defined. In 
the accompanying figure (Fig. 30), let كل‎ L represent the equator, and نا‎ 
L the ecliptic, 1* and PY being their respec- 
tive poles. Let 5 be the position of any 
given star, and through it draw the circle 
of declination P Sa. Then a ie the point 
on the ecliptic of which the distance from 
the first of Aries and from the star respec- 
tively are bere given as its longitude and 
latitude. So far ns the latitude is con- 
cerned, this is not unnccordant with the 
usage of the treatise hitherto. Latitude 
| (vikshepa, “ disjection”) is the amount by 
| which any body is removed from the 
declination which it. onght to have—that 
is, from the point of the ecliptic which it 
| onght to oceupy—declination (ranti, apa- 
krama) being always, according to the 
Hindu १५० of the term, in the 
ecliptic itself. In the case of a planet, 
whose proper path is in the ecliptic, the 
point of that circle which it ought to occu- 
8 py is determined by its calculated longi 
tide: in the exse of a fixed star, whose only motion 7 about the po le of 
the heavens, its point of declination ts that ‘to which it is referred by هش‎ 


Fiz. 50, 
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they contain a complete statement and definition of all the different 
kinds of conjunction recognized and disting ished by technical appella- 
tions; nor do they fully set forth the circumstances which determine the 
result of a hostile “encounter” between two planets : while > detailed 
explanation of some of the distinctions indicated—as, for instance, when 


a planet = + powerful” or the contrary—could not be 1 without enter- = 


ग ourselves as called npon to مل‎ here: indeed, it would not be 
rossible to accom: it satisfactorily without aid from original sources 
which are not accessible to us. We shall content ourselves with follow- 
ing the exam Pe of the commentator, who explains simply the sense and 
connection of the verses, as given in our translation, citing one or two 
paralicl passages from works of kindred subject. We would only point 
out farther that it has been shown in the most, satisfactory manner (as by 
Whish, in ‘Trans. Lit. Soc. Madras, 1827; Weber, in his Indische Studien, 
ii. 236 ee) that the older Hindu science of astrology, as represented by 
Varaha-mihirs and others, reposes entirely upon the Greek, os its later 
ena sins depend also, in part, upon the Arab; the latter connection being 
j ted even in the conimon title of the more modern treatises, ffyika, 
whieh comes from the Persian (तम॑, ^ Arab.” Weber gives (Ind. Stud. 
ii. 277 ete.) a translation of a passage from Variha-mibira’s lesser treat- 
ise, which states in part the circumstances determining the “power” of a 


ing (८ into the subject of the Hindu astro This we do 
not regard 





planct in different situations, absolute or relative: partial explanations 


pon the sane subject farnished to = gee in India by his native 
assistant, agree with these, and both’ ateord closely with the teachings 
of the Tetrabiblos, the astrological work attributed to Ptolemy. 

99... . Perform in like manner the calculation of the con- 
junction (samyo7a) of the planets with the moon. 
। This is-all that the ‘treatise ‘says respecting the conjunction of the 
moon with the lesser planets : of the phenomenon, sometimes so striking, 
of the occultation of the latter by the former, it takes no especial notice. tice 
The commentator cites an additional half-verse كه‎ som time ineloded in 
the chapter, to the effect that, in calculating -conjunetio 
latitude is to be reckoned as corrected by her para 














fac, since the ntare ofthe case determines t 


paral हटा] rules for parallax presented 1 a he fifth chapter. : 
arallax of: the planets themselves vothing Mi ME ات ا‎ 
ate the moon's parallax by the methods “a ady given is, in effect, to 
attribute to them alla horizontal parallax of ne eame value with that 
oi ed to the sun, or about4’.. रि pas. ا‎ 
The final verse of the chapter is a caveat against the suppositi 
when a “conjunction” of two planets is sp be. eg ) of, anything | 
त 1 titan. क 
“94. Unto the good and evil fortune of men i this ayetem se | 
forth : the plac 5 move on upon their own paths, approa 
one another at a distance. 1 
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south line, and it would only be necessary to set int second (ताता as 
far south of the firet-ss the end of the-shadow east by the southern star 
was north of that cast by the other. Then, if n hole were sunk in the 
ground at the point’ of intersection of the two shadows, and a person 
enubled to pluce his eve there, he would, at the proper moment, see both 
the planets with the same glance, and éacliat the apex of its. own gnomon. 

Tn the eighteenth verse also we have ventured to disregard the author- 
ity of the commentator: he translates the words dritwlgatim 1/1, 
“come within the sphere of "خاو‎ कोर we undertand by drkinlyatd, 
as inother cases (it 14, iii. 11), the eoincidente between’ observed and 

Pe bit 


ele ممم‎ me ne this and the pene ठ ate not without interest and 
valae, قم‎ iting the rudeness of the Hinda methods of observation, 
and also as showing the unimportant and merely illustrative part which 
observation was meant to play in their developed system of astronomy. 

18... . ~ When there is'‘contact of the stars, ibis styled de 
piction” (11) ; when there is chars ration, “division” (Beda) ;. 

19. An encounter (yuddha) is called “ray-obliteration” (angu- 
vimarda) when there is mutual minglingof rays: when the inter- 
val is less than a degree, the encounter is named: “dexter’ (ape- 
savya)—if, in this case, one be faint (anu). حل‎ 

20. If the interval be more.than adegree, it is conjunction” 
(amigas) if both are الت‎ wit! juga with power (fala). One that is 
vanquished (ita) in a dextery nter (apesavya yuddha), one 
that 1s covered, faint (anu), destitute of brilliancy, । १ 

21. 016 (19115 rough, colorless, struck down (vidhvasia), situ- 
ated to the south, is-utterly مواد لوطسا‎ One-situnted to 
the north, having brillianey, large, is vietor (jayin)—and even in 
the south, if powerful (bal). | 

99. Even when closely approached, if both are brilliant, it is. 
“eonjunetion” (samdéyama) : if the two are very small, and strock 
down, it is “front” (kiifa) and “conflict” (vigra/a), Tespectively. 

9%. Venus is generally victor, whether situated to the north or 
to the south... . 

In thia passage, a5 Inter in a whole chapter sep. ai), we quit the 
proper domain of ee ee and trench upon 4. i 1 How 
ever intimately connected the two sciences may be in practice, they are, 
ins general kept distinct in treatment—the 8; 1 | or astronomical 
text-books, furuisl Pu ऋ nen ११५ resent instance, only the scientific basis, 
the dota and methods of calculation of the positions of the heavenly - 
bodied, their ecl ey 4, conjunctions, risings and settings, and. the like, © 
while the Sanhitds, Jitakas, TAjikes, etc., the astrological treatises, make 
the superstitious applications of the science to the | १५ anation of the. 
planetary influences, and their determination of human fates. ` Thus the 
celebrated astronomer, Variha-mihira, besides his astronomies, com- 
posed separate astrological works, which aro. still extant, while the for-. 
mer bare become lost. It is by no monns impossible that these verses 
may be an interpolation into the original text of the SaryaSiddbanta 
They form only a disconnected fragment: it is not to be supposed that 
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mined ws thatwhich the مسو‎ actually casts. _ As no ease of precisely this 
character 105 hitherto been presented, we will briefly indicate the course 
of the calculation. ‘The day and night of the planet, and its distance 
from the meridian, or its hour-angle, are found in the same manner as in 
the process prevional ا[‎ explained (p. 312, above), excepting that here the 
planet's latitude, and its declination ५5 affected by latitude, must Aft cal- 
culated, 4 i. 50-54: and then the hour-angle and the ascension ditter- 
re ‘ive the length of the shadow at the given time, 

‘its hypothenuse. ‘The question would next be in 


ence, by iii. 34-36 
ge ether with that 





‘what direction to lay off the shadow from the base of the gnomon. 


This ix accomplished by means of the base (40) श्‌ shadow, oss cn 


value when projected on a north and south slacks rom the declinati 
is found, by iii, 20-22, the length of the noon-shadow and its hypothe- 
nnse, and from the latter, with the declination, comes, by ili. 22-25, the 


imeasure of amplitude (agra) of the given shadow ; whence, by m. 23- 


95, is derived its base. सक) (= thos both its length arate distance 
of its extremity from an east and west line running through the base of 


the gnomon, we lay it off without difficulty 


। ~ 9 
a | 


व ‘Take two gnomons, five cubits (Aasta) in height stationed 


to the variation of direction, separated by the inter- 


17. Then (4 the two hypothenuses of the shadow, passing 
from the extremity of the shadow through the apex of each 


-gnomon: and, toa 5 rson situated at the point of union of the 


gnomon 
extremities of the shadow and ) ypothenuse, exhibit 


"18: The two planets in the sky, situated at the apex each of 
its owa gnomon, and arrived at a coincidence of observed place 
(dre). - - - 

This is a 0 of mon the sume eer with that which 
forms the su ५ 1 nee ing passage. In order to لماعم‎ oe appre. 
امد‎ by observation, the न two planets, as calculated لاط‎ 
the methods of this chapter, two gnomons, of about the helg ht is 
man, are set ig At what distance and direction from one another 
are to be fixed is not clearly shown. The commentator interprets the 

expression “interval of the two planets” (y. 16), to mean their distance in 
minutes on the secondary to the prime vertical, as ascertained according 
will, by * above, reduced to di igits by the method taucht im iv. 26; 
while, by + according to the variation of direction,” he saat d understand 
merely, in the direction from the observer of the hemis 0 in which the 
ant nets al the moment of conjunction are situated. The Intter phyase, 
however, as thus explained, seems utterly nugatory; nor do we see of 
what use it would be to make the north and south interval of the bases of 
the و‎ in digits, correspond with that of the P Janets in minutes. 
We do not think it would be difficult to ‘understand the directions given 
in the text as mear eaning, in effect, that the two gnomons should be so sta- 
tioned as to cast their shadows to the same point: it would be क to 
do this, संक nt the time in question, the extremities of two shadows 
east from one ¢nomon by the two stars would be in the same north and 







yal of the two planets, and buried at the base one cu it. 
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first we have, according to २ 
ruling und the fourth 1 ypothenuse, by which 28 1 the 1 
hypothenuse” (eala karna) found in the course of the fourth, or last, 
process for finding the true place of the planet {4 above, ii, 49-45). 
The term, however (tricatuhkarna), which is translated“ mdius and the 


fourth hypothenuse” is much more naturally rendered “third and fourth 
lypothennses”; and the latter mre retation is also a TD by the 
emamentator as ond handed down ¥ tradition: (admpraddyika): but, 
he adds, owing to the fact that the length of the hypothenuse is not 
ealeulated in the third process, that for finding finally the equation of 
the centre (mandokwrmon), and that that hypothenuse cannot therefore 
be referred to here as known, modern Saad زه بجر‎ understand the first 
member of the compound (frt) as an abbreviation for ^ radius” (triyyct), 
sod translate it nocordingly. We most confess that oe other interpre- 
tation seems tous to be powerfully su amare by both the letter of the 
text and the reson of the matter, . The snbstitstion of tri for tryyd in 
such a contection is quite too violent to be borne, nor do we. see why 
half the of radius and the fourth bypothenuse should be taken as 
representing the planct's true distance, rather than the fourth hypothe- 
nuse alone, which was fer loved (see above, ii. 56-08) in calculating the 
latitude of the planets. (mn the other hand, there is reason for adopt- 
ing, as the relative value of a planet's true distance, the avernge, or half 
the sum, of the third hypotheunse, or the planet’s distance as affected 
hy the eccentricity of its orbit, and the fourth, or its distance as affected 
by the motion of the’ earth in her orbit. There seems to 08 good 
reason, therefore, to suspect that verse 14—and with it, probably, also 
yerse 1—is an intrusion juto the Sirya-Siddhinta from some other sys- 
tem, which did not make the Brose erroneous sssumption, pointed out 
under ii, 39, of the equality of the sine of anomaly in क epicycle 
(bhujojyéphala) with the sine of the equation, but in which the hypoth- 
= use and the sine of the eye were duly calenlated in’ the process 
For finding the equation of the apsis (mandakurman), as well 85 thas 
for finding the equation of the conjunction (gighrakarman). 


नैः Exhibit, upon the shadow-ground, the planet, at the ex- 
tremity of its shadow reversed : it is viewed at the apex of the 
ghnomon in its mirror. 


As a practical test ‘of the accuracy of aos enlenlations, or as a con- 
(1 Pro roof to the pupil or other person of his knowledge and skill, 
the teacher is here directed to set Bp a gnomon upon 0 एष 

ए exhibiting the shadow, and to calculate and lay off trom the 

ase of the gnomon, but in the opposite to the true direction, the shad 
ow which a planet would enst at a tty time a pon placing, then, a 
horizontal mirror st the extremity 4 the shadow, the reflected image of 
the planot's disk will be seen in it at the given time by an eye placed at 
the apex of the gnomon, The principle of the experiment is élenrly 
correct, and the rules and processes taught in the second and third chap- 
ters afford the means of carrying it out, since from therm the shadow 
which any star would cast, had it light enough, may be as readily deter 
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118. The diameters upon the moon's orbit of Mars, Saturn, 
اميه‎ + णात्‌ व ‘to be thirty, increased suc- 
cessively by half the half; that of Venus is ae 

14. These, divided by thesum of radius and the fourth hypoth- 
enuse, a tel two, and again multiplied by radius, are the 
respective correc 0 aphuta) diameters : divided by fifteen, they 
We have Seen above, in connection with the ealeulation of eclipses 
(iv, 2-5), that the diameters of the sun, moon, and shadow had to be 
reduced, for mensurement in minutes, to the moon's mean distance, at 
which fifteen म anas make ه‎ minute of orc. Here we find the dimen- 
sions.of the five lesser planets, when, at their mean distances from the 
earth, stated only in the form of re asin yortion of the moon's mean orbit 
them below, in 3 tabular form, both in yojanas and ns reduced to min- 
utes, append ing 0 also the corresponding estimates of Tycho Brahe (which 
-we-take from Delambre), and the trae apparent diameters of the plan 
‘ets, ax seen from the earth at their greatest and least distances, = 


Apparent tf Diameters of the Planets, according to the Sarya-Siddhduta, 
fo Tycho Brahe, and to Modern Science 
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_ This table shows how greatly exaggerated are wont عد‎ any deter 
qpinations of the magnitude of the planetary orbs by the unas- 
sisted cye alone... This effect is مول‎ to the well-known phenomenon of 
the irradistion, which increases the apparent size of a brilliant body 
‘when seen at some distance. It will be noticed that the Hindu estl- 
miates do not greatly exceed those of Tycho, the most noted and acc 
rate of astronomical observers prior to the invention of the telescope. 
smu reapers 16 order of magnitude they entirely agree, and both accord 
with the relat 


with the rei tive apparent. size of the planets, except that to Merenry 
‘and Venus, whose proportional brilliancy, from their nearness to the 
ain, is 1 pew ater, is assigned too high 9 rank. , Tycho also established a 
“scale of apparent diameters for the fixed stars, varying from 2’, for tho 
first. magnitude, down to 20", for the sixth. ae do not find that 
1५ क any similar estimates, eithet for planets or for fixed stars. 
_ ‘The Hindus, however, Nae their empiricism one step farther, gravely 
5 ying down a rule by which, from these mean values, the true values 
9 Sue apparent diameters at any given time may be found. The funda- 
‘mental proportion is, of course, | 
ري‎ true dist. :mean dist. :: mean app. diam. ; true app. diam. 
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ecliptic ns determined by a secondary to the equator, which was ascer- 
tained by the preceding process, is evidently as the text states it in verse 
9. In the eastern hemisphere, which is the case illustrated by the igure, 
a's is additive to the longitude of #, while v‘w ts subtractive from the 
longitude of م‎ : im the western hemisphere, the contrary would be the 
case, The final result thus arrived at is the longitude of the two pomts 
ॐ and क, towhich 8 and V are referred by the circles NS and NV, 
drawn through them from the north and south points of t ie nieve 

The many inaccuracies involved in these calculations are too palpable 

to require pointing out in detail. The whole operation is a roughly 
approximative one, of which the errors are kept within limits, and the 
result rendered sufficiently correct, only by the general minuteness of 
the quantity entering into it as its main element—namely, the latitude 
of a planet—and by the absence of any severe practical test of its accu- 
racy. It may be retnarked that the commentary is well aware of, and 
points out, most of the errors of the processes, ध ` them by its 
stereotyped plea of their insignificance, and the merciful disposition of 
the divine author of the treatise. 

Having thus obtained ه‎ and र, the apparent longitudes of the two 
1 the time when their true longitude is M, the question arises, 
ow we shall determine the time of apparent conjunction, Upon this 

point the text ४ us no light at all: accordim ing paths: 

are to repeat the process prescribed in verses حك‎ 
from 8 اج عدن‎ of the rate and direction of 
in connection with their new places, whether the 
is past orto come, and then nseertaiming, he dividin 
by their daily rate of approach or recession, the tum 
It is evident, however, that one of the elements of the p ph sae ५, 0 rrec- 
tion for latitude (akshadrkkurmen), namely the meridian-listance, is 
changing so rapidly, as compared with the slow motion of theyplanets in 
their orbits, that such a process could net yield results at all approaching 
to accuracy: it-also appears that two slow-moving planets might have 
more than one, and even several दनः conjunctions on successive 
days, at different times in the day, being found to stand together u Re i 
the same. secondary to the pene vertical at different altitudes, We 
do not sce how this difficulty is cage by anything in the text or in 
the commentary. The text, assuming the Seats Bs apparent conjune- 
tion to have been, by whatever method, already determined, goes on to 
direct us, in verse 12, to calculate anew, for that moment, the latitudes 
of the two planets, in order to obtain their distance from one another. 
Here, again, is a slight inaccuracy; the interyal between the two, meas- 
ured upon a secondary to the prime vertical, is not precisely equal to 
the sum or difference of their latitudes, which are measured upon second- 
aries to the ecliptic. The ascertainment of this interval is necessary, in 
order to determine the name and character of the conjunction, as will 
भु ar farther on (vv, 18-20, 22). | =| ae 

The cases mentioned in verse 11, in which, as well as in calculating 

the conjunctions of two planets with one another, this operation for 
apparent longitude (¢rkkarman) needs to be performed, are the subjects 
of the three following chaptors. ظ‎ + न 
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Having the longitude of the point in neers (Moin the last figure), 
we caleulate (Py il, 28) its delidation, which gives us (by 11. 60) the 
radius of its diurnal circle, and (by ii. 61) its ascensional difference ; 
whence, again, is derived (by ii. 62-05) the length of its day and mght. 
Agnin, having the time af conjunction at M, we: easily calculate the 
sun's longitude at the moment, and this and the time together وك‎ 
(by iii, 4¢—48) the longitude of C, the orient ecliptic-point: then (by 
iii. 60) we ascertain directly the difference between the time when M rose 
and that when (1 rises, whichis the altitude in. time (wnnata) of M-: the 
difference between this and the half-day is the meridian-<distance in time 
inet) of.the same point. If the conjunction takes place when M ts 
below the horizon, or during ita wight, its distance from the horizon and 
from the inferior meridian is determined in like manner, 

The direct abject of this part of the general process being to-find the 
yaluc of مع‎ we note firet that that distance is evidently greatest at the 





horizon ;, farther, that 6 disappears at the meridian, where the lines P = 


and NS coincide, If, then, it is argued, its value at the horizon can be 
ascertained, We may assume it to vary as the distance from the meridian. 
The accompanying figure (Fig, 29) will illustrate the method by which 
it is atterapted to calenlate-# # at the horizon. Suppose the planet يك‎ 
Fie. च being removed in latitude to the distange 
MS from M, the point of the ecliptic 
which determines its longitude, to be upon 
the horizon, and ७ 81, as before, be the 
point to which it is referred by a circle 
from the north pole : it is desired to deter- 
mine the value of aa’. Let D Ki be the 
eirele of diurnal revolution of the pomt 
5 ب‎ M, meeting 5 4 in ¢, and the horizon nw: 
8६ तकु be regarded asa 2 ane Tight-angled triangle, having its angles 
at S and wirespectively equal to the observer's latitude and co-latitude. 






In that triangle, to find the value of ¢ w, we should make the proportion 
3 cs (Swrsin’Swi:f 568 
Now the first of these ratios, that of the cosine to the sine of latitude, 
is १५६ above, iii. 17) the same with that of the gnomen to the equinoc- 
tin! shadow: again, as the difference of Mf and Ms" was in the عام‎ 
eeding process newlected, 50 here the difference of SM ‘and 54; and 
finally, tw, the true result ot the process, १४ aceepted na the equivalent 
लौ # ठ the distance sought. The proportion then becomes 
به : رمدي ظ‎ shad, : : latitude : required dist. at horizon 

The १६1०९ of the required distance, at the horizon having been thus 
nscertainod, its value at any given altitude is, a5 pointed out above, deter- 
mined by a proportion, as follows: as the planet's distance in time from 
the meridian i en upon the horizon is to the value of this correction at 
the horizon, s0 is any given distance from the meridian (nata) to tho 
value ot that distance; or 

half-day : mer,-dist. in time: : result of last proportion : required distance 
The ditection in which the distance thus found is to be reekoned, start- 
ing in each case from the dyana graha, or place of the planet on the 


& 


بتطجسشب دك هذا 
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| R:sindeclL M'::MS: Me 
all the quantities which it contains =e in terms of minutes. To brin 
this proportion, now, to the form in which it appears in the text, it 
made to undetgo a most fantastic and unscientific series of alterations. 
The greatest doclinstion (ii, 28) being 24", and ita sine 1397’, which is 








nearly fifty-eight times twenty-four—since 69: 68> 24—=1392—it is assumed 
that fifty-cight times the number of degrees in (1. 
tion will be equal to the number of minutes هذ‎ the sine of that are. 
Again, the value of radius, 9439 eing t + divided into 
the two factors fi “eight and ty sixty—since nce 68 4 me --. 9480. Substitut- 
ing, then, these v hs in the proportion as stated, 5 ted, we have = 
5860 : 58>X<decl. M’ in degr. >= 1 jn min, : M¢ 


Cancelling, again, the common factor in the first two terms, and trans- 
ferring the factor 60 to the fourth term, we obtain finally 


1: decl M’ in degr.:: latitude in min. : M 0 


that is to say, if the latitade of the planet, in minutes, be multiplied by 
the declination, in degrees, of # point 90° in advance of the planet, the 
result will be a quantity which, wept ing divided by sixty, or 
m seconds to minutes, is to be accepted as the required interval । 
ecliptic between the real place of the planet and the poin to which 
it is referred by a secondary to the equator. ees al 
This explanation of the rule is the दु ict | 
nor are we able to see that it admits of any othe 
the original hd shart ita final form is a nicl 
hereto fe found no parallel, and which (मका 05541 abstr नि 
unealled for. That M fis taken كم‎ equival ae x a’ bine, m will app appear 
from 7 consideration of the néxt process, a certain propriety, = 
The valae of the are M + thus found, the question a 
whieh direction it shall be measured from M. This depends up a ate 
sition of M with reference to the solstitial colure, At the “0 th 
6 PS and P'S लं ४६११९. مو‎ that, whatever be the Intitude of a planet, 
it will, by a secondary to the equator, be referred to the ecliptic at its 
true point of longitude. From the winter solstice onward to the summer 
solstice, or when the point M is upon the sun's northward path (utterd- 
ककव), a planet having north latitude will be referred backward on the 
ecliptic by a cirele from the pole, and a planet having south latitude will 
be referred forward. If M, on the other hand, be upon the sun's south 
ward path (dakshindyana), م‎ planet having north latitude at that poin 
will be referred forward, and one 98 south latitude backward: قلطا‎ 
is the case illustrated by the ५ statement of the text virtually 
agrees with this, it being evident that, when M is on the northward 
path, the declination of the point 90° in advance of it will be north; and 
the contrary 
We come now to consider the other part of the operation, or the 
éksha drkkarman, which forms the subject of verses 7-9. Aa the first 
step, We are directed to ascertain the day and the night respectively of 
the point of the ecliptic at which the two planets are in conjunction 
agente, for the purpose of determining also its distance in time from 
orizon and from the meridian. This is accomplished aa follows. 
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1 otder to find Ms, we ascertain the values Of 4a anu Mia * pnd, in 
ike manner, to find Mv, we escortain the values of re and Ale’. Now 
at he ع‎ wtor, or in # तल्ला 
BOD rt lie (१1719 ha in sual 
PS. would coincide, aml 
the distance # 4° cL 19 |) 591 : 
hence, the amount of #4 
being dependent upon tie 
latitude (ckahe) of the ob- 
Server, ४ 1 the ॥ # +, 5 


Fic. 23, 





which it. is calculated 15 
called the °“ operation for 
latitude” (akeiudrtbarman, 
OF eta १1111 (7,11.1 
ॐ ए; if P and) क were the 
| mine point, or 11 the ९117 
tic and i: 167 قلا امت‎ 5 
PS and 1“ 8 would coin- 
1116. anal M re would disap 
pear , hence the Process of 
11111171 & [a 14 called 
the ˆ. operation tor echiptu ~ 
deviation” {oyanadykher- 
man, or dvanadrehormaon | 
The latier of the two pro- 
cesses, althouch state d atter 
the other 11 the text, 18 the 
one first explained by the 
commentary : we will also, 
as in the case أن‎ the deflec- 
tion (note to iv. 24-24 
give to it our first पिका 
The point +» to which the pianet is rete red by a circle passing throug 
the pole 1" 14 styled. by the commentary تميق ماودو‎ “the planets lon- 
witude as corrected for ecliptic-deviation,” and the distance Moa, whicl 
13 desired to ascertain, is called ayenatalds, ^^ the correction, 10 min- 
ntes, for ecliptic-deviation.” Instead, however, 01 finding Ma, the pro 
ss taueht in the text finds M 1 the corresponding distance 0 the cir 
ele of duly revolution, D BR, of the pomt M—which is then assumed 
equal to Me. The proportion upon which the rule, as stated in vers 
10, ॐ ultimately founded, 15 


Risin MS ie: MS: 1 
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the triangle M Si which is always very small, being treated as 11 it 
were & Diane (1911९, richt-angled atl But now also, as the latitude 
MS is always a small quantity, the angle 1 SP’ may be treated as | 
equal to PALF’ (not drawn in the figtre); and this angic t, 05 was 
shown in connection with iv. 24-25, the deflection of the ecliptic from 
the equator (dyana एव्व) at M, which 14 terarded os eqpal to the 
declination of the point 00° in'advance of M: this port, for conven- 
tonce’s sake, we will call 41°. Our proportion becomes, ther 
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8, Multiply the latitude by व uinoctial shadow, and divide 
by twelve; the १ otient multiply by the meridian-distance in 
niidis, and divide y the corresponding half-day: 78 
9, The result, when latitude is north, is subtractive in the 

eastern hentisphere, and additive in the western; when latitude 
is south, on the other hand, it is additive in the eastern hemi 
sphere, and likewise subtractive in the western. 1 
10, Multiply the minutes of latitude by the degrees of declin- 
ation of the position of the planet increased by three signs: the 
result, in seconds (vikald), is additive or subtractive, according as 
@ «declination and latitude are of unlike or like direction. 

11. Incalculating the conjunction (yoga) of a planet and an 
asterism नाः in determining the setting and rising of a 
planet, amd in finding the elevation of the moon's cusps, this ope- 
ration for apparent longitude (drkkarman) is first prescribed. 

19, Calculate again the’ longitudes of the two planets for the 
determined time, and from these their latitudes: when the latter 
are of the same direction, take their difference ; otherwise, their 
sum: the result is the interval of the planets. 


The whole oper ation for determining the point on the ecliptic to 
which स = | ee Bie د‎ latitude, will be referred by a secondary 
rime vertical 









to the p 1 lled its drkkarmoan, Both parts of this com- 
pound we hare had before—the latter, signifying “ opg@mtion, process of 





calculation,” in ii. 87, 42, ete—for the ( eee the note 
34, and ४. 5-6: here we are to understand it 25 ta i the “ appar- 
ent longitude” of 3 planet, when referred to the ecliptic in the manner 
stated, as distinguished from its trac or actual longitude, reckoned in the 
usual way: we 4 ९. transinte the whole term,'as in verse 11, 
1 operation for apparent longitude." The operation, like the somewhat 
77810 one by which the ecliptic-deflection (welana) is determined 
(see above, iv, 24-25), consists of two separate processes, which receive 
‘a the commentary distinct names, corresponding with those णः lied to 
the two parts of the process for caleulating the deflection. The whole 
subject may be illustrated by reference to the next figure (Fig.28). This 
represents the pro} tion of a part of the sphere upon a horizontal plane, 
Nand E being the north and east 1 panes of the horizon, and ८ the 
zenith, Let C L be the position of the ecliptic at the moment of con- 
तय in longitude, © being the orient ecliptic-point ore); and let 
1 be the point at which the conjunction in longitude of the two planets 
Sand V, each upon its ५, lel of celestinl lntitade, ८१ and ,لاك‎ and: hav- 
ing latitude equal to SM and VM respectively, will take place. Through 
¥ and 5 draw secondaries to the prime vertical, N V and NS, meeting 
the ecliptic in v anda: these Intter are the points of apparent longitude 
of the two planets, which are still removed from a true conjunction by 
the distance क #; in order to the ascertainment of the time of that true 
conjunction, it is desired to know the 01 or their re- 
spective distances from M. From P, t le of the equator, draw also 
cireles through the two planets, meeting the ع‎ ecliptic ins’ and ४८; then, 
40 
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ing plan per another by the‏ ع اريت 


in longitude, The time, again, 
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determining whether the coujunction ix past or to conse, and at whit 11 
tance, in arc and in time, three separate. cases require to be taken into 
account—when both are advabcing, when both are retrograding, and 
when one is advancing and the other retr ng. In the two former 
one es, the planets are approaching or rece 
lifference of their daily motions; in the latter, by the sum of their daily 
motions. The point of conjunction will be found by the following pro- 
portion : as the daily rate at which the two arégipproaching or rece dine 
from each other is to their distanced الس تعد فل‎ = = the daily motion 
each one to the distance ॥ linve to move before, or which 













elapse moment and that of the conjane- 
tion, will be found by dividing the distance in longitude by the same divi- 





‘sot 95 was used in ~ other part of the process, namely the daily rate 





ह (+ न separation of the two planets, 







tion than 25 to bo found in the text is, at what moment the process of 


वि ulation, as thus conducted, shall commence, If a time be fixed 
jon. Which is too far removed—as, for instance, by an interval of sov- 
eral days—from the moment of actual conjunction, the rate of motion 
‘of the two plancis will be liable to change in the mean time so much as 
altogether to متمق‎ the correctness of the calculation. It is ptr 
that, as tesa -as-in the caleulation of an eclipse (see above, note to iv. 7~8},.wo aro 
upposed, before aks upon the particular process which is the sul 
ject of ‘passage, to have ascertained, by previons tentative calculs- 
_t 4 جه‎ Inight next preceding or following the conjunction, amd to 
have mined for that time the lonjitndes and-rates of motion of the 
two planets. If s0, the operation will give, without farther repetition, 
results having the desired or of accuracy. Tho commentary, it may 

remarked, gives us no light upon this point, as it gave us none in the 
cease of the eclipse. 

| We have not, however, thus ascertained the time and place of the 
conjunction. This, to the ملسن‎ apprehension, takes place, not when 
the two planets are upon the same secondary to the ecliptic, but when 
they are upon the same secondary to the prime vertical, or upon. the 
same circle passing through the north and. south points of the horizon, 
Upon such o circle two stars rise and set simultancousiy; upon such)» 
one क gether pass the meridian: sneh a line, then, determines 
approxitin’ = y their relative height above the horizon, each त्या its own 

पन (valana—ave iv, 24-25), that a secondary to the prime ver-‏ ل( 
ical is regarded as determining the north and south directions u pon the‏ 
starry concave, To क what will be the place of each planet npon‏ 
the ecliptic when referred to it by such > cirele is the object of the fol-‏ 


likewise the latitude (vitshepa), in. minutes ; ८ denen 
the meridian-distance (nata) and altitude (unnaia), 10 प्रह, accord- 
ing to the corresponding orient ecliptic-point (layna)— 












it tins moved’ since, the conjunction 
elapsed or to elapse between the given 


eral 
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Junction, is vanquished or victor; 22, farther definition of different kinds of con- 
junction; 23, usual prevalence of Venus in a conjunction; 23, planetary conjunc- 
tions with the moon; 24, conjunctions apparent ooly; why calculated. 


1. Of the star-planets there take place, with one another, 
encounter (yuddha) and conjunction (samégama) ; with the moon, 
conjunction (samdgama) ; with the sun, helincal setting (astamana). 

The “ stur- "عاد سما‎ ०४५ गा of a) are, of course, the five lesser planets, 
exclusive of the sun and moon, eir conjunctions with one another 
nn with the moon, with the ast ١ (naksiatra), and with the sun, 
are the subjects of this and the two following chapters. 

For the general idea of + conjunction” various terms are indifferently 
employed in this chapter, as samdgama, “coming together”, samyoga, 
* conjunction,” yoga, “junction” (in vill, 14, also, melata, “ meeting”): 
the word कच, z anion," which is constantly used in the same sense by 
the commentary, and which enters into the title of the chapter, graha- 
yutyadhibdre, does not occur Ba fe there in the text. The word which 
we translate “encounter,” yeddda, means literally “war, conflict.” 
Verses 18-20, and verse 29, below, give distinctive definitions of some 
of the different kinds of encounter and conjunction. 


2. When the longitude of the swift-moving planet is greater 
than that of the slow one, the conjunction (samyoya) is past; oth- 
erwise, it is to come: this is the case yi the two are moving 
eastward; if, however, they are retrograding (vatrin), the con- 
trary 18 true, । 4 

3. When the longitude of the one moying eastward is greater, 
the الس‎ samdigama) هذ‎ past; but when that of the one 
that is retrograding is greater, 1t is to come, : Multiply the dis- 
tance in longitude of the planets, in minutes, by the minutes of 
daily motion of each, 

4. And divide the products by the difference of daily motions, 
if both are moving with direct, or both with retrograde, motion : 
if one is retrograding, divide by the sum of daily motions. 

5. The quotient, in minutes, ete., is to be subtracted when the 
onjunction is past t, and added when itis to come: if the two are 
Pétrograding, the contrary: if one is retrograding, the quotients 
are additive and subtractive Ral ae a 

6. 'Thus the two planets, rine in the zodiac, are made to be 
of equal longitude, to minutes. Divide in like manner the dis 
tance in longitude, and a quotient is obtained which is the time, 
in days, ete. 

The ee of this process is to determine where and when Acie two 
planeta of which it is desired to calculate the conjunction will have the 
same longitude. The directions given in the text are in the main so 
clear as hardly to require explication. The longitude and the rate of 
motion of the two planets in ध is supposed to have been found for 
some time not far removed from that of their conjunction. Then, in 
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The method of these processes is so clear as to call for no detailed 
explanation... The centre of the eclipsing body being supposed to be 
always in the are 11“ 1, drawn as directed in the lnst passage, we have 
only to fix a point in this are which shall be at distance from M cor- 
pis prose: onding-to the calculated distance of the contres at the give time, 
and from that point to describe a circle of the dimensions of asd et | 
body, and the result will be a re 0000 ‘of the then phase of the 
eclipse. If the point thus fixed be distant 0 by the difference of 
the two semi-dinmetors, 1s Mi’, Me’, the circles degeribey will touch the 
of the eclipsed body at the points of immersien 
# and र, 

23. The part obscured, when less than half, will be dusky 
(saditimra); when more than half, it will be black; when emeng- 
ing, it is dark copper-color (krsinatimra); when the obscuration 
is total, itis tawny (kapila) 

_ The commentary adds the important circumstance, omitted in the 
text, that the moon alone is here spoken of; no specification being 







added with reference to the sun, because, in a solar eclipse, the part 


obscured is re a black, 
A more suitabl ernie have been found for this verse in the 
fourth chapter, as it has nothing to do with the projection of an eclipse. 
24. ‘This mystery of the am is not to be imparted indiserim- 
inately: it is to be made known to the well-tried pupil, who 
ग्लह 3 year under instruction. | 


The commentary understands by this mystery, which isto be at 1 
With فه‎ jealous care, the knowledge of the subject of this cha Pea « the 
delineation of an eclipse, and not the general subject of न्न as 
treated in the past three chapters, It scoma a little curious to find م‎ 
mutter of so subordinate consequence heralded so pompously in the 


first verse of the chapter, and guarded so cautiously atits close. 





CHAPTER श. 
OF PLAN ETARY CONJIUACTIONS, 


termining at what point on tho ecliptic, and at what time, two planets will come 
‘to have the same longitude; 7-10, bow to find the point on the ecliptic to which 
-mplanet, having Intitude, will be referred by a-circle passing through the north 
and south points of the horizon: 11, when a planet mst bo so referred; 12, how 
 morth and south line; 13-14, dimensions of the iesser planets; 15-18, modes of 
‘18-20, definition of different kinds of ¢onjunction : 20-21 when 8. planet, in con- 


























dle, and likewise between that of the separation son 


a Describe two fish-figures (matsya): from the middle of 
these having drawn out two lines projecting through the mouth 


and tail, wherever their intersection takes place, 


16. There, with a line touching the three een, describe an 
arc : that is called the path of the eclipsing body, upon which 
the latter will ए“ ve forward. 


The deflection aff ‘the latitude of three Ae: ints in the continuance of 
the eclipse having been determined and laid down upon the projection, 
1 bis deemed unnecessary to take the same trouble with regard to any 

her points, these three being sufficient to determine the path of the 
eclipsing body: accordingly, an are of a circle is drawn coe ae ugh them, 
and is regarded as representing that path. ‘The method of describing 
the arc is the same with that which hos already been more than once 
employed (see above, iii. 14, 41-42): it is (0 here with some- 
three extremities of the moon's Intitude, at the moments of contact, 
د‎ cia ea ape ebay pach 288 ively: we join 1, 1" 8, and upon 
| lines १९२८118 real" are ivures (sea note to iii, 1-5); their two extremt- 
ties ( mouth” and “ tail”) are indicated by the intersecting dotted lines 
in the figure : then, at the point, not included in the figure, where the 
lines drawn through them meet one another, is the centre of a circle 
passing through ,]ا‎ /, and 1“. 


a half the sum of the eclipsed and eclipsing bodies 













‘subtract the amount of obscuratio Nes calculated for any given 


| ‘take a little stick equal to the remainder, in digits, and, 
m the central point, . _ | 

18, Lay it off toward the path upon either side—when the 
time is before that of greatest obscuration, toward the side of 
contact; when the obscuration is decreasing, in the direction of 
eeparation—and where the stick and the path of the eclipsing 


19. one another, from that point describe a circle with a 
radius equal to half the eclipsing body: whatever of the eclipsed 


body is included within it, that point out as swallowed up by 


the darkness (famzs). 3 8 
90. Take a little stick فيه‎ to half the difference of the 
measures (7474), and lay it off in the direction of contact, calling 
it the stick of immersion (nimilana): where it touches the path, 
21. From that apa xint, with a radius equal to half the eclipsing 
body, draw a circle, as in the former case: where this meets the 
धभ the ay ees ed body, there immersion takes place. — 
22. So also for th same (unmilana), 19 ye it off in the 
direction of separation, and describe a cirele, as before: it will 
show the point of emergence in the manner explained. | 
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upon it, The point is, accordingly, the position of the centre of the 
shadow at the’ midal of the ecli Pe and if from that centre, with च 
radius equal to the semi-diameter of the eclipsing bsg se circle be drawn, 
it will include so much of the disk of the eclipsed body as is covereil 
when the obscuration is greatest. In the figure the ecli 


psec js shown as 
total, the Hindo calculations making it so, although, in fact, it is only ه‎ 


19. By the wise man who draws the projection (chedyaka), 
upon the ground or upon a board, a reversal of directions is to 
be made in the eastern and western hemispheres, 


This verse is inserted here in order to remove the objection that, in 
eh eastern hemisphere, indeed, all nee place as stated, but, if the 
eclipse occurs west of the meridian, the stated directions require to be 
all of them reversed. In order to understand this objection, we must 
take notice of the origin and literal meaning of the Sanskrit words 
which desi eee te the cardinal directions, The face of the observer is 
supposed always to be eastward: then © east” is pric, “forward, toward 

the front”; “ west” is pared, “ backward, toward the rear”: “south” is 

dakshina, “on the right"; “north” is affara, “ upward” (i. بع‎ probably, 
toward the mountains, or up the course of the rivers in north-western 

India). These bal Li ply, then, in etymological strictness, only when 
one is looking east ond so, in the present case, only when the 

eclipse is taking place in the eastern hemisphere, and the piece ia 

watching it from the west side of his projection, with the latter before 
him: if, on the other hand, he removes to E, turning his face westward, 
and comparing the phenomena as they occur in the western hemisphere 
with his delineation of them, then “ forward” (pr dtc) ia no longer east, 

but west; “right” (dekehina) is no longer south, but north, ol 

It is unnecessary to poin nint out that this objection is one of the most 
frivolous and hnir-splitting character, and its removal by the text a waste 
of trouble; the terms in question have fully acquired in the language an 
absolute meaning, aa indicating directions in space, Without regard to the 
position of the obsorver. 


_ 13. Owing to herclearness, even the twelfth part of the moon, 
when eclipsed (grasia), is observable; but, owing to his piercing 
व even three minutes of the sun, when eclipsed, are not 
observable. 


The commentator regards the negative which is expressed in the عنما‎ 
ter half of this verse as also impli in the former, the meaning being 
‘that an obscuration of the moon's disk extending over only the twelfth 
part of it does not make itself apparent. We have preferred the inter- 
pretation given above, as being better accordant both with the plain and 
simple construction of the text and with fact. 


14. At the extremities of the latitudes make three points, of 
corresponding names; then, between that of the contact and 



























vi. 11.] 
8... In accordance with this, then, for the middle of the 
0 


: 9 ‘The deflection is to be laid off—eastward, when it and the 
latitude are of the same 1.31 they are of different 
directions, it is to be laid off westward: this is for a lunar 
eclipse; in a solar, the contrar Bey مج نحا‎ 

10. Krom the end of the deflection, again, draw 4 line to the 
central point, and upon this line of the middle lay off the lati- 
tude, in the di 






de rection of the deflection 

11. From the extremity of the latitude desoribe a circle with 
a radius equal to half the measure of the eclipsing body: what- 
ever of the disk of the eclipsed body is enclosed within that 
circle, go much is swallowed up by the darkness (/amas). 


The arian th of the text in this passage is somewhat intricate and 
obscure; it is fully explained by the commentary, 98, indeed, its menn- 
ing is also deduct ble with sufficient clearness from the conditions of the 
problem sought to he solved. It is required to represent the deflection 
of the ecliptic from an east and west line at the moment of greatest 
obscuration, and مح لم لت‎ of the centre of the eclipsing body 
at that moment, The deflection is this time to be determined by a 

secondary to भ ecliptic, drawn from: near the north or south point of 

the figure. The. first कः ५९ is, from which of these two points shall 
the deflection be laid off, and the line to the centre drawn, Now since, 
according to verse 10, the latitude mere be measured upon the line 
of deflection, the latter must be drawn southward or northward secord- 
ing to the direction in which the latitude is to be laid off “And this is 
the meaning of the last part of verse 8; “in accordance,” namely, with 
the direction in which, according to the previous part of the verse, the 
latitude is to be drawn. But again, in, in which direction from the north 
or south point, as thus determined, shall the deflection be measored ? 
This must, of course, be determined by the direction of the deflection 
itself: if south, it must obvionsly be measured cast from the north point 
and west from the south point; if north, the contrary. The roles of 
the text are in accordance with this, although the determining cireum- 
stance is made to be the agreement or non-agreement, in respect to 
direction, of the deflection with the moon's latitude—the latter being 
this time reckoned in its own proper direction, and not, in a lunar 
eclipse, reversed, Thus, in the case for which the figure is drawn, as 
the moon's latitude is south, and must be laid off northward from M, 
the deflection, ew”, is mensured from the north point; as deflection 
and latitude are both south, it is measured east from N. In an. eelipse 
of the san, on’ the other hand, the moon's latitude would, if north, be 
laid off northward, aa in the figure, and hence also, the deflection would 
be measured from the north point: but it would be measured eastward, 

if its own direction were south, or disagreed with that of the latitude. 

“The line of deflection, which is Mr’ in the figure, being drawn, and 
es om the direction of > perpendicular to the £ ny 1 tic at the moment of 
opposition, the moon’s latitude for that moment, M ९ is laid off directly 
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rection. In the case ilnstrated, the deflection for the contact is north: 


hence we lay it off northward from E, and then the line drawn from M 
to د‎ its extremity—which line represents the direction of the ecliptic 
at the moment—points northward, Aguin, upon the side of separation 
—which, for the moon, is the western side—we lay off the deflection for 
the moment of separation: but we lay it off from W in the reverse of 
its true direction, 78 order that the line from its extremity to the centre 
may traly represent the direction of the ecliptic. Thus, in the eclipse 






‘the defletion for separation is south, we: lay if off northward 
clips W, and ا‎ en the line v Me points, toward Mya@mthward. Ina solar . 








| ` limb isthe first eclipsed, the 
leflection for contact must be land off. from W, and 0 
from FE, the direction of the former त bb: be, وس وض‎ ul that of 
the latter to be maintained as ealoulated. 1 

6. From the extremity of either deflection draw a line to the 
centre: from the point where that cuts the aggregate-circle 
(samiisa) are to be laid off the latitudes of contact and of separa- 


7. From the extremity of the latitude, again, draw a line to 
the central point: where that, in either case, touches the eclipsed 


in which, sinee the sun's western limb iv‏ بع 





hody, there point out the contact and separation. 

8. Always, in solar eclipse, the latitudes are to be drawn in 
the figure (parilekia) in their proper direction; in a lunar 
eelipsé, in the opposite direction. .. . 

The lines لذ ه‎ and اد‎ M, drawn from v and كد‎ the extremities of the 
sinea or arcs which measure the deflection, to the centre of the figure, 
represent, as already noticed, the direction of the ecliptic with reference 
to an east and west line at tha moments of contact and separation 
From them, accordingly, and at right angles to them, are to be laid off 
the ogee of र न at those moments. Owing, however. 
to the principle adopted in the 5 rojection, of regardi 1 e eclipsed 
body as fixed in the centre of the f (क and the न body ss 2 
ing over it, the lines ए M and wv’ M do not, in the case of a lunar स 
represent the ecliptic itself, in which is the centre of the shadow, but the 
small circle of latitude, in which is the moon's centre: hence, in laying 
off the moon's latitude to determine the centre of the shadow, we re- 
verse its direction. Thns, in the case illustrated, the moon's latitude is 
always south: we lay off, then, the linea Af and "ل‎ I", representing: its 
value at me moments of contact and se ion, northward: they are, 
like the deflection, drawn as sines, and in such manner that their ex- 
tremities, 1 and 0 are in the aggrepate-circle: then, since 7M and 0 9 
are each equal to the sum of the two semi-diameters, and 7k and 1" ليل‎ 
to the latitudes, & M and द“ M will represent the distances of the centres 
in longitude, and / and F the places of the centre of the shadow, at con- 
tact and aye ration: and upon desecri bing g circles from Zand P, with radii 
equal to the semi-diameter of the shadow, the points € and بع‎ where 
these touch the disk of the moon, will be the points of first and last con- 
tact: ¢ and s being also, as stated in the text, the points where JM and 
¢ M meet the circumference of the disk of the eclipsed body, 
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observer on the north side of his projection, as at’N, and looking soath- 
१८11-8 position which, in our latitude, he would naturally 4111117, for 


Fiz. 27. 





i = ir ॥ | 
the purpose of comparing the actual phases of the eclipse, as they ات‎ 
I 1 a ل‎ 


eurred. with his delineation of them. The heavier circle, ,أ‎ in that 

drawn with the sum of the semi-diameters, or the “aggregate-circle ; 
25-5 2 5 भा व | 1 is 1 | ॥ 0 = rT" ; 

while the outer one, 4) ES W, is that for the defiection. his, 1 order 


to reduce the size of the whole figure, we liave drawn Upon > scale very 


much smaller than that prescribed ; ts relative dimensions being a mat- 
ter of no consequence whatever, provided the sine of the d tion be 
made commensurate with its radias. In our own, or the Greck, method 
of laying off an arc, by its angular value, the radius of the circle of de- 
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angular measirements, adopt the more awkward and bungling methou 


= 4 
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of laying off the arc by means of its sine. Let مه‎ equal the defects 


ह्न 
5 
.)ا‎ 


for the moment of contact, expressed ps a sine, and in terns‏ لعأواوءاوء 


af a circle in which EM is podius, Now, as the moon's contact with 


i¢ shadow takes place upom her eastern limb, the deflection for thi 


1 1 = al | न 8 1 | 1 
eoutact mst be لتقا‎ off from the cast point of the । ANC, 75 toe 
| 7 = y | 5 1 ا‎ ® tk 5 न्न | भ 5 | on iy 1 | 1.19 
ealeulated direction of the cdefiechon indicates in what way Wie ecipue 
१8 (एव eastwar it must be laid of from 0 1100 per ul 
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The term chedyeka is from the root chid, By sane sunder,” and 
indicates, as here शानु the instrumentality by which distinctive, dif- 
ferences are rendered evident, The name o ¢ the chapter, parifekAda ha- 
iro, is not taken from this word, but from porilebhe =“ "यु 
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hat used inp erik tri passage of 
tha third chapter (धन 1 

The specifications of ~ Intter half of verse 4 apply to the eclipsed 
sed eas upon whieh side of it obscuration will commence and 


5. 3. In a lunar eclipse, the deflection (valana) for the contact is 
to be laid off in its own prope: direction, but that for the separa- 
Hon in reverse; man eclipse of the sun, the contrary is the case. 


The hikitian. be ing figure (Fig. 27) will illustrate the Hindu method 
of exhibiting, by a a pees the various phases of an eclipse, 118 
conditions are those of the lunar eclipse of Feb. 6th, 1860, as deter- 
mined by the data موسو م‎ of this treatise: for the calculation see 
the Appendix. Let M be tho centre of the figure and the place of the 
moon, and let NS and EW be the circles of direction drawn through 
the Moot 8 centre : the fonner representing (see above, under iv. 24, 25) 
cee circle drawn throngh the north and south pointa of the horizon, 
مر‎ latter م‎ small circle parallel to the prime vertical, 15 ex mig 
of the manner in which these directions are presented by the figure, we 
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the effect of the parallax being equivalent either to a diminution of the 
moon's exeess of motion, or to a protraction of the distance of the two 
conters—both of them in the ratio of the true to the mean half-daration, 
If then, for instance, it eee required to know what will be the amou "et | 
obscuration of the sun half an hour after the first contact, we shall 74 
btract this interval from the true halfduration before conjunction ; the 
remainder will be the actual interval to the middle of the eclipse: this 
interval, then, we shall reduce to its value as distance in longitude by 
diminishin it, either before or ९.८ reduction to minutes of are, in 
the ratio of the true to the mean halfduration, The rest of the process 
will be performed precisely as in the case of an eclipse of the moon. 

Notwithstanding the ingenuity and approximate correctness of many 
of the rules and methods of calculation tanglit in this chapter, the whole 
process for the ascertainment of parallax contains so many clements of 
error that it hardly deserves to be called otherwise than cumbrous and 
bunglin 5 The false estimate of the difference between the sun's and 
moon's horizontal parallax—the noglect, in determining it, of the varia- 
tion of the moon's distance—the estimation of its value in time made 
always according to mean motions, whatever be the true motions of the 
planets at the ea अक eglect, in calculating the amount of عتمم‎ 
allax, of the moon's latitude—these, with all the other inaccuracies of 
the processes of calenlation which have been pointed out in the notes, 
re va a it impossible that the results obtained should ever be more than 
a rude approximation to the truth. 


In farther illustration of the subject of solar oy pe as exposed in 
this and he Eee £ भ we present, in the Appendix, @ full cal- 
culation of 0 eclipse of May 26th, 1854, mainly as made for the trans- 
lator, during his residence in India, by a native astronomer. 


CHAPTER VI. 
OF THE PROJECTION OF ECLIPSES 


Coxrents:—1, value of ىه‎ projection; 2-4, general directions; 6-6, how to lay off 
the deflection and latitude for the beginning and end of the eclipse; 7, to exhibit 
the points of contact and separation; 8-10, how to lay off the deflection and lati- 
tude for the m of the eclips:; 11, ما‎ show the amount of greatest oblscura- 
tion; 12, reversal of directions in the western hemisphere: 13, Jeast ameunt of 
obscuration obeervable; 14-16, to draw the path of the eclipsing body: 17-10, to 
show the amount of obscuration at a given time; 20-99, to exhibit the points of 
immersion and emergence in a total eclipse; 23, color of the part of the 
obscured ; 24, caution as to communicating a knowledge of these matters. 


1. Since, without a projection (Chedyaka). th precise (sphuta) 
differences of the two aha are not १ अ 
to explain the exalted doctrine of the projection. . ` ae 
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repeat the same process (see above, v. 9) by which that for conjunction 


was found: as we then started from the moment of true conjunction, 
and, by a seties of successive sea la Imations, ascertained the time when 
the difference of longitude would equal the parallax in longitude, so now 
we start from two moments removed from that of trae conjunction by 
the equivalents in time of the two distances in longitade obtained by the 
last process, and, by a similar series of successive Approximations, ascer- 
tain the times when the differences of agitate, together with the par- 
gi fas Mpls د وير اسك وسوس رسيا‎ ९, । 

In the process, as thus conducted, there oh an evident inaccuracy. It 
is not enough न apply the whole correction for parallax in latitude, and 


then that for in भात + since, by reason of the change effected 
by yy the latter in the times o tact and separation, a new calculation of 


e former becomes necessary, and then again a new calculation of the 
latter, and مع‎ on, until, by a series of doubly compounded approxima- 
tions, the true value of each is determined. This was doubtless known 


to the framers of the system, but passed over by them, on account of 


the excessively laborious character of the complete calculation, and 


cause the accuracy of such results as they could obtain was not sensibly 


-nifected by its neglect, 


The question naturally arises, why the specifications of verse 15 are 
made hypotheticn! instead of positive, and why, in the latter half of 
verse 16, 0 case is supposed which never arises. The commentator an- 
ticipates this objection, and takes much pa lo remove it: it is not 
worth while to follow his different pleas, which amount to no real expla- 
nation, saving to notice his Inst suggestion, that, in ease an eclipse begins 
before sunrise, the parallax for its earlier phase or phases, as caleulated 
according to the distance in time from the lower meridian, may be jess 
than for its later phases—and the contrary, when the eclipse ends after 


“sunset, This may poss ibly be the true explanation, although we aro 


ustly surprised at finding a case of so little practical consequence, and 
& which no allusion By been made in the previous ० here 
taken into account. | 

The text, it may be remarked, by its use of the terms “eastern and 
western hemispheres" (वतत, literally “cup, vessel”), repeats once more 
its substitution of the meridian ecliptic-point (madhyalagna) for the 
contral ecliptic-point (tribAonalagna), as that of no parallax in longitode; 
the meridian forming the only proper and recognized division of the 
heavens into an eastern and 9 weatern ee phere, 

We are now see the reason of the special directions given 
in verses 10 and 23 of the last chapter, respecting the reduction, in a 
solar eclipse, of distance in time from the middle of the eclipse to dis- 
tance in longitude of the two centres. The “mean halfduration"” 
(madhyesthityardha) of the eclipse is the time during which the true dis- 
tance of the centres at the moments of contact or separation, as found 
by the 0 esa prescribed in verses 12 and 13 of this chapter, would be 
gained by the moon with her actual excess of motion, leaving out of ac- 
count the variation of parallax in longitude: the “true halfduration” 
(spAutaathityardha) is the increased time in which, ow’ 5 to that varia- 
tion, the same distance in longitude is actually gained y¥ the moon; 


a 
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the separation less; and if, in the western iiemisphere, the con- 
trary is the case— 


10 1 the difference of parallax in longitude is to be added 
to the halfduration on the side of separation, and likewise on 
that of (pragrahana); when the contrary is true, It is to 
be subtracted. = । 

17. These rules are are for eases where the two parallaxes 
are in the same hemisphere: where they aro in different hemi 
spheres, the sum of the 0 in longitude is to be added to 
ء‎ corresponding half-duration. The principles here stated ap- 
ply also to the half-time of total obscuration. 


We are su 4 ‘to have ascertained, by the preceding process, the 
true amount of apparent latitude at the moments of first and last con- 
tact of the eclipsed and eclipsing bodies, and consequently to have de- 
termined the dimensions of the triangle—corresponding, in 9 solar 
eclipse, to CGP, Fig. 21, in a lunar—made ४; of the latitude, the dis- 
tance in longitude, and the sum of the two radii. The question now is 
how the duration of the eclipse will be affected by the parallax in longi- 
tude, If this parallax remaimed constant during the continuance of the 
eclipse, its effect would be nothing; and, having once determined by it 
the time of espe conjunction, we should not need to take it farther 
into nceount. Out it varies from moment to moment, and the effect of 
its variation is to prolong the duration of overy part of a visible eclipse. 
For, to the enst of the central ecli 1 tie-point, it throws the moon's disk 
forward upon that of the ann, this वष: the occurrence of all the 
phases of the eclipse, but by an amount which is all the time Naar टः 
مع‎ that it hastens’ the teat of the eclipse more than the midile, 
and the middle more than the close: to the west of that same point, on 
the other hand, it depresses the moon's disk core from the कका =, but by 
an amount poet! increasing, so that it retards the end of the ote at 
more than its middle, and ita middle more than its beginning. The 
effect of the parallax in longitade, oem upon each halfduration of the 
eclipse, will be measured by the difference between its retarding and عد‎ 
eelerating effects upon contact and conjunction, and upon conjunction 
and ष ion, respectively: and the amount of this difference will 
always be additive to the time of halfduration as otherwise determined. 
If, however, contact and conjunction, or conjunction and separation, 


take place upon ع‎ ग the point of no parallax in og itade, 
then the sum of the two lactic effects, instead of their differonce, 


will be to be added to the corresponding half-duration: since the one, 
on the east, will hasten the occurrence of the former phase, while the 
other, on the west, will defer the occurrence of the latter phase. The 
amoont of the parallax in longitude for the middle of the eclipse has 
been found; if, now, we farther determine its amount—reckoned, 

it will be 1 ५ 10 time—for the moments o” contact and 
separation, and add the difference or the sum of ench of these and the 
a. revs moment of conjunction to the corresponding half- 
ration as previously determined, we shall have the true times of ball- 
Hon. order to find the parallax for contact and separation, we 








1 ولع‎ for the time of म य eae (madAyagrahana). The dis- 
tance thus found will determ ع‎ amount of greatest obscuration, and 
the character of the eclipse, as taught in verse 10 of the preceding cliap- 





ter. It is then farther to be taken as the foundation of precisely such a 


process as that described in verses 12-15 of the same بنك‎ न, in order 
to ascertain the halftime of duration, or of total obscuration: that is to 
say, the distance in latitude of the two centres being first assumed as 
invariable through the whole duration of the eclipse, the half-time of 
duration, and the resulting moments of contact and oe tion are to be 
ascertained : for these moments the latitude and parallax in latitude ure 
to be calculated anew, and by them م‎ new determination of the times of 
contact and separation is to be made, and so व 
with the degree of accuracy required. If the be total, a similar 
operation must be gone through with to व moments of im- 
mersion and emergence. No account is made, it will be noticed, of the 
possible occurrence of an annular eclipse, 
‘The intervals thus found, after सवं pr for parallax in latitade 
only, between the middle of the eclipse and the sea contact and 
ro se ation Eeapactively, are those which are called in the last chapter 
(४. 19, 23), the “mean half-duration” (madAyasthityardAa). 

Tn this process for finding the net result, as apparent latitude, of the 
actual latitade and the parallax in Jatitade, is brought out with dis- 
tinctnesa the inaccuracy ا‎ + alluded to; that, whatever be the 
moon's actual latitude, her parallax is always caleniated as if she were 
in the ecliptic. In an cclipse, however, to which case alone the Hindu 
processes are intended to be applied, the moon's latitude can never be 
of any considerable amount. + 

ए of determining the direction of the parallax in Intitude 

y means of that of the meridian-sine (ZL in Fig. 20), of which the 
direction is established as south or north by the process of its calcula- 
tion, is too evident to call for remark 

_In verse 13 = given ى‎ somewhat confused specification of matters 
which are, indeed, affected by the parallax in latitude, but in different 
modes and degrees, The amount of greatest obscuration, and thy 
Sheet mean) half-times of duration and total obscuration, are the "कक 
directly dependent apon the calenlation of that ` म्ल ere pre- 
sented: to find the amount of obscuration at a moment—ans alse 
tho time correspondin amount of obsctiration—we require 
to know also the true half uration, as found by the rules stated in the 








stot ing passage: while the scale of projection and the deflection are 
eet कष only #0 far as this alters the time of occurrence of 
the phases of the eclipse. 


14. Por the end of the lunar day, diminished and increased by 
the half-duration, as formerly, calculate again the parallax in 
ri gitude for the times of contact (grdsa) and of =p aration. (mok- 
sha), and find the difference between these and the parallax in 
ngituce (harija) for the middle of the eclipse. | 

| ह . If, in the eastern hemisphere, the parallax in. longitude 
for the contact is greater than that for the middle, and that for 
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शरः or, from multiplying it by forty-nine, and dividing it by 
radius, 





‘In the expression given above for the value of the parallax in latitude, 
all the terms are constant सुध ४ ing the sine of ecliptic zenith-listance, ١ 
The difference of the mean daily motions is 731! 27", and fifteen times 
radius is 51,570. Now 731/27°+51,570 equals يرارب‎ or 48.575: 
to which the expressions given in the text are sufficiently near approxi- 
mations. 


12. The A pelea in latitude is to be regarded as south or 

north according to the direction of the meridian-sine (madhyajyd). * 

When it and the moon's latitude are of like direction, take their 

sum; otherwise, their difference : | 
18. With this calculate the half-duration (अ), half total ob- ظ‎ 

scuration (vimarda), amount of obscuration (gris), etc., in the - | 

manner क taught; likewise the scale of projection (pra- 

méina), the deflection (oa/ena), the required amount of obscura- 

tion, as in the case of a lunar eclipse. 


In ascertaining the true time of occurrence of the various phases of 
a solar eclipse, as determined by the parallax of the given point of ob- 

क: om, we are taught first to make the whole correction for parallax | 
in latitade, and then afterward to apply that for parallax in longitude. | 
The former part of the P rocess is succinctly taught in verses 12 and 13: 
the rules for the other follow in the next passage. The lan guage cof the 
text, as usnal, is by no means so clear and explicit as could be wished. 
Thus, in the case before us, Wo are not tanght whether, as the first step 
in this process of correction, we are to calculate the moon's p arnilax in 
latitude for the time of troe conjunction (Mthyenta, “end of the lunar 
day"), or for that of वन conjunction (madhyagrahana, “middle of 
the eclipse”). It might be supposed that, as we have thus far only had | 
in the text directions for finding the sine and cosine of ecliptic zenith- 
distance at the moment of true conjunction, the former of them was to 
be used in the calculations of veraes 10 and 11, and the result from it, 
which would be the parallax at the moment of trae conjunction, भु plied 
here as the correction needed. Nor, so far as we have been able to 
discover, does the = minentator expound what is the trie meaning of 
the text upon this paint. It is sufficiently evident, however, that the 
moment of apparent conjunction is the time required. We have found, 
by a process o = successive approximation, at what time (see Fig. 26), the 
moon (her latitude being neglected) bei ne at mand the enn atn, the 
parallax in longitude and the difference of true longiinde will both be 
the same quantity, mn, and so, when apparent conjunction will take 

place. Now, to know the distance of the two centres at that moment, 
we require to ascertain the lax in latitude, » M, for the moon at m, 
and to apply it to the moon's latitude when in the same re ition, taking 
their sum when their direction is the same, and their difference when 
their direction is different, as 2 ५ by the text; the net result will 
be the distance oe aired. The commentar 8 it ray Te be remarked, ex- 
pressly states that the moon's latitude is to be ealculated in this opera- 
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moon, and divided by fifteen times radius, the result will be the 
parallax in latitude (avanati) 


As the sun's greatest (0. Ilax is eqnal to the fifteenth part of his 
mean daily motion, and that of the moon to the fifteenth part of hera 
(see note to iv. 1, above), the execss of ay moon's parallax over that of 
the sun is eqnal, when roe to one fifteenth of the difference of 
their respective mean daily motions. This will be the value of the 
parallax im latitude when the ecliptic coincides with the horizon, or 
when the sine of ecliptic zonith-listance becomes cia to radins, On 
the other hand, the parallax in latitude diappears when this same sine 
is reduced to nullity. Hence it is to be regarded as varying with the 
sine of ecliptic zenith-distance, and, in order to find its valve at an 
given point, we say “if, with a sine of ecliptic zenith-distance which — 


। ध | to radius, the parallax in latitude is one fifteenth of the difference 


f mean daily motions, with a given sine of ecliptic zenith-distance 
what is it?” er 

At: diff. of mean تاكس‎ : : sin ecl. zen~dist. : parallax in Jat, 

This proportion, it is evident, would give with entire correctness the 
parallax at the central eli لامي‎ (B in Fig. 26), where the whole 
vertical parallax is to be reckoned as parallax in latitude. But the role 
given in the text also assumes that, with a given position of the et tic, 
the parallux in Intitude is the same at any point in the 7 tic, Of this 
the commentary offers no demonstration, but it is essentially true. For, 
regarding the little triangle Mm asa plane triangle, right-angled at 9, 
and with its angle am M equal to the angle Zm B, we have 3 

Kissin ZmB;:Mm:Mun 
But, in the Be Zm Th, right-angled at B, 


hein 2m 13 : : ना Zm:sin ZB 
Hence, by equality of ratios, 
an Zm:sin 2 15 : : Mm: Mn 
Bat, as before shown, 
» مك نظ‎ Zm:: gr. parallax; Mm 
Hence, by combining terms, 
| مله : خآ‎ 298: : er. parallax: Mn 
That is to say, whatever be the position of m, the point for which the 
parallax in latitade كر‎ sought, this will be equal tke product of the 
1 خا مع‎ into the ४ ० 9 ao tea, divided by 
Telius: or, as the greatest parallax the differe m 
ons dividbd by fiftren pa eq] ع‎ difference of mean mo- 
patie tet _ ~ of يذه‎ 18 — न्नर Xeie of m.m, 
sek 7 15 
__ the next verse teaches more summary methods of arriving at the 
sume quantity. 


Pad Or, the parallax in latitude is the quotient arising from. 
dividing the sine of ecliptic बा distarion (drkishepa) by sev- 
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and this can be the case only when Zm, os well as P’m, is a quadrant, 
or when m is on the horizon. Tere again, however, precisely as in the 
case Inst noticed, the importance of the error is kept within very narrow 
limits by the fact that, as its relative consequence increases, the amount 
of the parallax in longitude affected by it diminishes. 


9, When the sun’s longitude is greater than that of the meri- 
dian ecliptic-point (१ the parallax in longi- 
tude from the end of the lunar d day ; When leas, add the same: 
repeat the process until all is fixec 

The text so pertinaciously reads “meridian ecliptic-point" (madhya- 
lagna) where we ehould expect, and ought to have, “central ecliptic- 
point” (fribhonalagna), that we are almost ready to suspect it of mean- 
Ing to designate the latter point by the former name. It is sufficiently 
clear that, whenever the sun and moon are to the eastward of the con- 
tral ecliptic-point, the effect of the parallax in longitude will be to throw 
the moon forward on her orbit beyond the sun, and so to cause the time 
of apparent to precede that of real conjunction; and the contrary. 
Hence, in the eastern hemisphere, the parallax, in time, is subtractive, 
while in the western it is additive, Bot a single calculation and appli- 
cation of the correction sl २५ allax is not ope gh; the moment of ap- 
parent conjunction must be found by a series of successive approxima- 
tious; since if, for instance, the moment of trne conjunction is 25" 2१, 
and the calculated parallax in longitude for that moment is 25 21*, the 
apparent end of the lunar day will not be at 278 23+, because af the 
latter time the parallax will be greater than 24 21%, deferring accordingly 
still farther the time of conjunction; and soon. The commentary ex- 
plains the method of procedure mora fully, as follows: for the moment 
of true conjunction in longitude calculate the parallax in longitude, and 
apply it to that moment: for the time thus foumMPealculate the parallax 







anew, and appl y it to the moment of trac conjmnet the 
time found as the result of this process, caleulate the parallax, and ष 
Ply it as before; and so proceed, until a moment is arrived st, at which 
the difference in actual [० accordi ng to the motions of the two 
planets, will just equal and counterbalance the parallax‘in longitude. 

The aceuracy of this approximative process cannot but be somewhat 
por red by the circumstance that, while the parallax is reckoned in 
ditierence of mean motions, the corrections of longitude must be made 
in true motions. Indeed, the reckoning of the horizontal parallax in 
time as 4 nidis, whatever be the rate of motion of the sun and moon, is 
one of ae most palpable among the many errors which the Hindu pro- 
CSR 11१01१0५. 


_ To ascertain the moment of apparent conjunction in longitude, only 
the parallax in longitude requires to be known; but to determine the 
time of occurrence of the other phases of the eelipse, it is n sgn ¢ to 


take inte account the parallax in latitude, the ascertainment of whi h is 
accordingly made the subject of the next rule, 
olied If the sine of ecliptic zenith-distance (drkkshepa) be multi- 
38 
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sine of ccliptic-altitude is’ greatest, and that it would be only See lax 

in Intitude when the ecliptic should be a horizontal circle, or when the 
: sine of eeliptic-altitude should be reduced to nothing, the Hindus assume 
4 it to Het "in the interval as that sine, and accordingly make the (चकम्‌ 
é tion: “if, with a sine of ecliptic-altitude that is لدت‎ radins, the par- 

allax in Bes Some itude is equal to the vertical parallax, with any given sine 

of ecliptic-altitude what is it f"—or, inverting the middle terms, 

| fi : sin ecl-alt. : ; vert. parallax : parallax in long. 
But we had before 
KR: 4 £ : هةة‎ zen-dist, : vert. parallax 
hence, by combining terms, 
KR? :4sinecL-alt.: : sin xen.-dist. : parallax in long. 

For the third term of this proportion, now, is substituted the sine of the 

distance of the given point from the central ecliptic-point: that is to say, 

Bm (Fig. 26) is substituted for'Zm ; the two are in fact of equal value 
only when they coincide, or else at the horizon, when each becomes a 
> uadrant; but the error involved in the substitution is greatly lessened 

by the circumstance that, as it increases in Re oportional amount, the 

parallax in longitude itself decreases, until त 1 the latter is reduced to 

get , 44 15 the vertical parallax at Z The text, indeed, as in verses 

1 and 9, „= madhyalagna, L, for بمجودملعدمطنفكا‎ B, in reckoning this 

distance: but the commentary, without ceremony or apology + Teads the 

latter for chaste’ These substitutions being made, and the propor- 

tion being reduced to the form of an equation, we have 
| व = Ht 4 الماع قله‎ 

which reduces to 

sin dist 0 sin dint, 0 
R? = dain الماع‎ 21152 sin eel,-alt. 






which ts the rule given in the text. ‘To the denominator of the fraction, 
in its final form, is fren the technical name of cheda, = divisor,” which 
word we have had before similarly used, to designate one of the factors 
لا‎ Soa بم‎ operation (see above, iii, 35, 38). 

We will now examine the correctness of the second principal propor- 
tion from which the rule is deduced, It is, in terms of the Inst figure 


(Fig. 26), 
06 ° Risin ZF (=BR)::m Mima 
Assuming the equality of the little trian angles Mimn 2 चन and 
accord) a inal that of the angles mMn M SO Clee Inttor equals 
ZmI™, we have, by spherical trigonometry, as a true proportion, ` 

¦ sin ma! لذ‎ : हो Mma’i:mM: जा 
or Risin ZmP’::mM:mn 
Hence the former hy soe is correct only when sm ZF" and sin 
Zm ए" are equal; that is to say, when 2 1" measures the angle Zim 1" 


+. 
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commentator from Bhitskara's Siddhinta-Ciromani (found on page 221 
of the published edition of the Ganitidhyfya) directs the sines of zenith- 
distance and altitude of B (éribhonalagna) when upon the meridian— 
that is to 5 + {£ sine and cosine of the are ZF—to be substituted for 
those of ZB in a hasty process: but the value of the sine would in 
this case be too small, as in the other it was too great: and as the text 
nowhere directly recognizes the point B, and as directions have been 
given in verse ठ for finding the meridian zenith-disiance of L, it seems 
ardly to admit of a doubt that the latter is the point to which the text 
here intends to refer. 
Probably the permission to make this substitution is only meant to 
apply to cases where ZL is of small amount, or where © has but little 
amplitude. 


i. == + Divide the square of the sine of one sign b y the sine 
called that of ecliptic-altitude (drggatijivd); the quotient is the 
“ divisor" (cherla), 

8. By this “divisor” divide the sine of the interval between 
the meridian ecliptic-point (madfyalagna) and the sun’s place: 
the quotient is to be regariled as the parallax in longitude (/am- 
bana) of the sun and moon, enstward or westward, in nfdis, ete. 

The true nature of the process by which this final rule for finding the 
parallax in longitude is obtained is altogether hidden from sight under 
the form in which the rule is stated. Its method is as follows: 

We have seen, in connection with the first verse of the preceeding 
chapter, that the greatest parallaxes of the sun and moon are quite 
nearly 3 nivalent to the mean motion of each during 4 nidis. Hence, 
were both bodies in the horizon, and the ecliptic a vertical circle, the 
moon would be depressed in her orbit below the sun to an amount equal 
to her excess in motion during + nfidis. This, then, is the moon's 
greatest horizontal parallax in longitude. To find what it would be at 
any other point in the ecliptic, still considered os > vertical circle, we 
make the proportion 

R:4 (hor. par.) : : sin zen.-dist.: vert. parallax 

This proportion is entirely correct, and in accordance with our modern 
rule that, with > given distance, the parallax of a body varies as the sine 
of its zenith-distance: whether the Hindus had made a rigorous de- 
monstration of its truth, or whether, a3 in so many other Cases, seeing 
that the parallax was greatest when the sine of zenith-dlistance was 

urentest, and nothing when this was nothing, they assumed it to vary 
in the interval as the sine of zenith-distance, et “if, with 9 sine 
of zenith-distance which is equal to radius, the lax is four mhdis, 
with a 0 sine of zenith-distance what is it !"—this we will not ven- 
ture to determine, 

But now is to be considered the farther case in which the ecliptic is 
not a vertical circle, but is depressed below the zenith a certain distance, 
measured by the sine of ecliptic zenith-distance (drkkshepa), already 
found. Here again, ‘noting that the parallax is all to be reckoned عم‎ 
parallax in longitude when the ecliptic is a vertical circle, or when the 
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as if it were و‎ plane horizontal triangle, and similar to 208, and the 
proportion is made | 

£5:80:ZL:BL 


| 11 : क-म :: mer,-sine : BL 
"This is so far a carrect process, that it gives the true sine of the arc 
EBL: for, by spherical trigonometry, in the spherical triangle ZBL, 
right-angled at B, 
sn ZU L:sin BZL::sin are ZL: sin are BL 

or 11:50 : : 2: : دأ‎ BL 

Bout the third side of a plane right-angled triangle of which the sines 
of the ares ZB and ZL are hypothennse and perpendicular, is not the 
sine of DL. If we conecive the two former sines to be drawn from Z, 
meeting in 4 and f respectively the lines drawn from B “ae to the 


or 





centre, then the line joining bf will be the third side, bein 1718 | 
than. sin BL. Hence, on subtracting sin? BL from تعمل‎ 1918010 taking 
the square root of the remainder, we obtain, not sin ZB, but a leas quan- 


tity, whieh Bee readily be shown, by शुः herical trigonometry, to bo 


ain itched cos BL. The value, then, of the sine of दु [1 111 91111 
(drkkshepa) as determined by this process, is alwaya less than the truth, 
and as the corresponding cosine (dregati) is found by subtracting the 
square of the sine from that of radius, and taking the square root of the 
remainder, its value is always proportionally greater than the truth. This 
inaccuracy 15 noticed by the commentator, who points out correctly its 
reason and nature : pe bably it was also known to those who framed the 
rule, bat disregarded, as not sufficient to vitiate the general character of 
the 1 rocess: and it may, indeed, well enough re unnoticed among 
all the other inaccuracies involved in the Hindu ealeulations of the 


: As regards the terms employed to express the sines of ecli eee eenith- 
istance and altitude, we have already met with the first member of each 
compound, dre, literally “sight,” in other connected ses: as in drgjyd, 
“sine of zenith-distance” (sce above, iii, $3), drgerita, “ vertical-circle” 
(commentary to the first verse of this chapter): here it is combined 
with words which 5 seem to be rather arbitrarily chosen, to form techni- 
cal appellations for quantities used only in this process: the literal 
meaning of £shepa is “ throwing, hurling 3" of بقعم‎ “gait, motion.” 

7. The sine and cosine of meridian zenith-distance (natineis) 
are the approximate (asphu/a) sines of écliptic zenith-distance 
and altitude (drktshepa, drygati). .. . 


This is intended as an allowable simplification of the above process 
for finding the sines of ecliptic zenith-distance and altitude, by substi- 
tuting for them other quantities to which they are nearly equivalent, 
and which ae easier of calcnlation, These are the sines of zenith- 
distance and altitude of the meridian soa 9 madhyalagna—L, in 
Fig . 26) the former of which has already been made an element in the 
er process, under the name of “ meridian-sine” (madhyajyd). It 
might, indeed, from the terms of the text, be doubtful of what point the 
altitude and zenith-distance were to be taken; a passage cited hy the 


ha 
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tude of the observer take the sum, when their direction is the 
same; otherwise, take their difference. 

ot The result is the meridian zenith-distance, in degrees (natiin- 
gis): its sine is denominated the meridian-sine (mad/yajipl). . . - 


The accompanying figure (Fig. 26) will assist the comprehension of 
this and the following processes, Let NES W be a horizontal plane, 
NS the projection upon it of 
the merilian, and EW that 
of the prime vertical, 2 being 
the zenith, Let CLT be the 
ecliptic, Then ( is the orient 
ecliptic-point (क्व), and C 
D the sine of its amplitude 
(udayojyd), found by the last 
process, The meridian ecliptic 

vint (madhyalagna) is Li: it 
is aacertamed by the method 
| P rescribed in i, 40, above, 
| [ts distance from the zenith 
ts found from its declination 
and the latitude of the place 
of observation, as tanglit in 
1, 20-22: and the sine of 
that distance, by which, in 
: 57 — | बकी the figure, itis seen projected, 
is ZL: it 15 called by the technical name madhyajyd, which we have 
translated “ meridian-sine.” ¦ 


Fig. 26. 





5. . . . Multiply the meridian-sine by the orient-sine, and divide 
by radius: athe: the result, 

6. And subtract it from the square of the meridian-sine: the 
square root of the remainder is the sine of ecliptic zenith-distance 
م‎ oz); the < uare root of the difference of the squares of 
that and radius 15 the sine of ecliptic-altitude (वा }. 


Here we are taught how to find the sines of the renith-distance and 
altitude respectively of that point of the ecliptic which has greatest alti- 
tude, or is nearest to the xenith, and which is also the central point 
of the portion of the ecliptic above the horizon: it is called hy the 
commentary, as already noticed (see note to v, 1), fribhonalagna, Thus, 
in the last figure, if QR be the vertical cirele passing throngh the pole 
of the ecliptic, 17, and cutting the ecliptic, CT, in B, B is the central 
ecliptic-point (tribhonalagna), and the arcs seen projected ia ZB and 
BE are its zenith-distance and altitude respectively, In order, now, to 
find the sine of ZB, we first find that of BL, and by the followine ति 
cess, CD) ts the orient-sine, already found. But since CZ धः cP 
are quadrants, C is a pole of the vertical circle Q R, and CR is ه‎ quad- 
rant. ES is also a quadrant: take away their common part CS, and 
CE remains equal to SR, and: the sine of the latter, 8 ¢ is equal to 
that of the former, C D, the “orient-sine.” Now, then, ZBL is treated 
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The term uniformly emplo rd by the لحي‎ , and more usually 
ve the text, to express pa in longitude, namely jambana, is from 
the same root which we have already more than once had occasion to 
notice (sce above, under i. 25, 60), and means literally “hanging down- 
ward.” In this verse, as once or twice later (vv. 14, 16), the text uses 
Aarija, which the commentary explains as equivalent to ksAitija, “ pro- 
daced by the eurth:" this docs not seem very ible, but we hare 
nothing better to suggest. For parallax in latitude the text presents 
only the term eranati, “bending downward, depression :" the commen- 
as always substitutes for it nat, which has nearly the same sense, and 
is the customary modern term. 6 


2. How parallax in latitude gins od reason of the difference 
of place (deca) and time (८: and also parallax in nee gitude 
(lambana) from direction (dic) eastward or the contrary ¢ is 
now to be explained. 1 | 

This distribation of the three elements of direction, place, and time, 
as causes respectively of parallax in longitude and jn latitude, is some- 
what arbitrary. The verse is to be asian. however, rather as 4 genera] 
introduction to the subject of the chapter, than as a systematic state- 
ment of the canses of parallax. | 


ॐ. Calculate, by the न in obi ne ascension कर्‌ ५ 4. 
savas) of the observer's place, the orient eeliptic-point agra a) 
the moment of conjunction (parvavinddyas): multiply the sine 
of its longitude by the sine of game Teatest declination, and divide 
by the sine of co-latitude Me: ba): the result is the quantity 
Known as the orient-sine (udaya), 


The object of this first step in the rather tedious operation of caleu- 
lating the parallax is to find for a given moment—here the moment of 
true conjonction—the sine of amplitude of that point of the ecliptic 
which is then upon the eastern horizon. In the first place the longitud 
of that point (lagna) is determined, by the data and methods taught 
above, in iii. 46-48, and which are sufficiently explained in the note to 
that passage: then its sine of amplitude is found, by a process which is 
a combination of that for finding the declination from the longitude, 
and that for finding the amplitude from the declination, Thus, by ii. 28, 

® Resin gr, decl.::sin long. : sin deel. 
and, by iii, 22-23, ` 
Hin co-lat.: Ri: :sin decl. : sin ampl. 
Hence, by combining terms, we have 
sin co-lat. :sin gr. deel, ¢:gin long. : sin amp, 

This sine of amplitude receives the technical name of twdaya, or 
udayoyyd = the literal meaning of udaye is simply “ rising.” 

_& Then, by means of the equivalents in right ascension 
(lankodaydsavas), find the ecliptic-point (lagna) called that of the 
meridian (madiya): of the declination of that point and the lati- 
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It is evident from this explication how far the Hindu view of parallax 
is coincident with our own. The principle is the same, but its applica- 
tion is somewhat different. Instead of taking the parallax absolutely, 
determining that for the sun, which is BSC, and that for the moon, 
which is BMC, the Hindus look at the subject practically, as it must be 
taken account of in the calculation of an eclipse, and calculate only the 
difference of the two parallaxes, which is m 1M, or, what is virtually 
the same thing, MCm. The Sirya-Siddhinta, however, as we shall see 
hereafter more plainly, takes no account of any ease in which the line 
CS would not pass throngh M, that is to say, the moon's latitade is 
neglected, and her parallax calculated as if she were in the ecliptic. 

We cite farther from the commentary, in illustration of the resolution 
of the parallax into parallax in longitude and parallax in latitude. 

“Now by how many degrees, measured on the moon's sphere (gola), 
the line drawn from the earth's surface op to the sun cuts the moon's 
vertical cirele (drgrrtia) abore the point occu pied by the moon—this is, 
when the vertical circle and the ecliptic coincide, the moon's parallax in 
longitude (fombone). Bot when the ecliptic deviates from a vertical 
circle, then, to the re int where the line from the earth's surineo cuts the 
moons sphere on the moon's vertical circle above the moon [i. بع‎ to m, 

Fie. 25. Fig. 25], draw throngh the pole 
ep of the ecliptic (Aadamba) a cir- 
| cle [1 ['دس‎ north and south to 
| the ecliptic on the moon's sphere 
91 # ` | : and then the enst and 
west interval fe n'] on the eclip- 
tic between the Poet ocenpied 
by the moon [M] and the point 
where the circle as drawn cuts 
othe ecliptic on the moon's sphere 
| لكك‎ [1] is the moon's true (spAuta) 
parallax in longitude, in minutes, and is the perpendicular (kori), And 
since the moon moves along with the ecliptic, the north and south inter- 
val, upon the circle we have drawn, between the ecliptic and the vertical 
cirele i ४1 | is, in minutes, the parallax in latitude (nati); which is the 
base [04 शच), The interval, in minotes, on the vertical circle [Z Al, 
between the lines from the earth's centre and surface [m ४], is the ver- 
teal parallax (drglaméanv), and the hypothennse.” 

The conception here presented, it will be noticed, न क hat the moon's 
pat or the ^“ चट]; ee on the moon's sphere,” is depressed away from 
CL, which might be called the “ ecliptic on the १ sphere,” to an 








amount measured as Jatitude by mn’, and as Jonottnde byw M. To 
our apprehension, mn M, rather than mn’ M, would be the triangle of 
resolution: the two are virtually 5 ual. 

The commentary then goes on farther to explain that when the ver- 
tical cirele and the secondary to the ecliptic coincide, the parallax in 
longitude disappears, the whole vertical parallax becoming parallax in 
latitude: and again, when the vertical circle and the ecli a coincide, 
the parallax in latitude disappears, the whole vertical parallax becoming 
parallax in longitode. 
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longitude (aria) : farther, when terrestrial latitude (aksha) and 
north declination of the@meridian ecliptic-point (madhyabia) are 
the same, there takes plaice no parallax in latitude (avanatt). 


The latter of these specifications is entirely necurate: when the north 
declination of that point of the ecliptic which is at the moment upon 
the meridian (madhyalogna م‎ sce iii. 49) is equal to the observer's lati- 
tude—regarded by the Hindus as always north—the ecliptic itself 
passes through the zenith, and becomes a vertical circle; of course, then, 
the effect of parallax would be only to depress the body in that circle, 
not to throw it out of it, ‘The other is less exact: when the sun is 
upon the meridian, there is, indeed, no parallax in right ascension, but 
there is parallax in longitude, unless the ecliptic is also bisected by the 
meridian, Here, as below, in verses 5 and 9, the text commits the 
inaccuracy of substituting the meridian ecliptic-point (L in Fig. 26) for 
the central or highest point of the ecliptic (8 in the same figure), The 
latter point, although we are taught below (vv. 5-7) to calenlate the sine 
and cosine of its zenith-listance, is not once distinctly mentioned in the 
text; the commentary calls it fribhonalagna, “the: orient ecliptie-point 
(logna—see above, i.46-48: it is the point Cin Fig. 26) less three 
signs, The commentary points out this inaccuracy on the part of the text. 

In order to illustrate the Hindu method of looking at the subject of 
parallax, we make the following citation from the general exposition of 
it given by the commentator under this verse: “At the end of the day 
of new moon (amdvdsyd) the sun and moon have the same longitude ; 
if, now, the moon has no latitude, then 9 line drawn from tho earth's 
centre |) in the accompanying 
figure] to the sun's place [5 | just 
| touches the moon [M]: hence, 
at the centre, the moon becomes 
an eéchpsing, and the son on 
eclipsed, body. = तत, howerer, 
men are not at the earth's centre, 
| (gerbha, “ womb”) bat upon the 
earth ’ssurface (praithe, back"), 
a 1176 drawn from the earth's 
surface [B] up tothe sun docs 
pot just touch the moon: but it 
ents the moon's sphere above the 
| point कट्टा क by the moon [at 
| mj, and when the moon arrives 
at this point, then is she at the 
| earth's surince the eclipser of 
(thesun. But when the sun is at 
४ 50 agin the zenith (chamadhya, “mid- 
heaven"), then the ling Grawn up to the sun from the earth's centre 
and surface, being one alifthe same, touch the moon, and so the moon 
becomes an per ir body at the end of the day of new moon. Hence, 
too, the interral |) 7 | of the lines from the चत्त centre क्र ` tince 
18 the parallax امممقصومم)‎ " | 1 


Fig, 24. 











ترايت 2 ىع ل اا see‏ 
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that three minutes of are at the horizon, and four at the zenith, are 
equal to a digit, the difference between thattwo, or the excess abore: 
three minutes of the र 0 of 9 digit at the zenith, being one 
minute, To ascertain, then, what will be, at any given altitude, the 
excess above three minutes of the equivalent of « digit, we ought prop- 
erly, according to the commentary, to make the proportion 
R:1'::sin altitude: corresp. excess 

Since, however, it would be a long and tedious process to find the alti- 
tude and its sine, another and approximative proportion is substituted 
for this “by the blessed Sun,” as the commentary phrases it, “through 
compassion for mankind, and out of regard to the very slight difference 
between the two.” It is assumed that the scale of four minutes to the 
digit will be always the true one at the noon of the पः in question, 
or whenever it crosses the meridian, although not at the zenith; and so 
likewise, that the relation of the altitude to 90° may be measured by 
that of the time since rising or until ५५६१ ए (unnafa—see above, 111. 
37-39) to a half-day. 11 معد‎ the proportion becomes | 

half-day : 1. : : altitude in time : corresp, excess 
and the excess of the digital equivalent above 3° equals भ عد‎ 


Adding, now, the three minutes, and bringing them into the fractional 
expression, we have 
equiv. of digit in minutes at given time = Te ae 

The title of the fourth chapter is candragrahonddhibira, “chapter of 
lunar eclipses,” as that of the fifth is siiryagrahanddAikdra, “ cre of 
1 1.3 eclipses.” In truth, however, the processes and explanations of 
this chapter apply not less to solar than to lunar eclipses, while the next 
treats only of parallax, as entering into the ت‎ tion of a solar celipse. 
We have taken the liberty, therefore, of modifying accordingly the 
headings which we have prefixed to the chapters. 1 | 










CHAPTER 7 
OF PARALLAX IN A ‘SOLAR ECLIPSE. 
تسب صمومة‎ , when there وذ‎ no porallax in longitude, of no parallax in latitude ; 
2, causes of parallax; 8, to find the orient-sine ; 4-5, the meridian-sine; 5-7, and 
the sines of ecliptic zenith-<distance and altitade ; 7-8, to:find the amouni, in time, 









apparent conjunction; 10-11, to find the la of the parallax in lati- 
tude ; 12-13, its application in calculating an 14-17, application of the 


parallax in longitude in determining the moments of contact, of separation, etc. 


1 क the sun's a is dent with the meridian 
eclipti¢-point (madhyalagna), there takes place no parallax in 
as 


४01 ih. 
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: range? M or MPN, although with a certain modifica- 





which the । entary prescribes, and which makes of it some- 
thing very near the angle 1 EN. The text says simply natajyd, “the 
ظ‎ ए y nate, 


sing of the hour-an (for mata, see notes to 10). 4-26, and 14-16), 
but the commentary specifies that, to find the desired ae in deprres, 
we must multiply the hour-angle in time by 90, 0 divide by the half- 
day of the planet. This is equivalent to making a quadrant of that 
part of the circle of diurnal revolution which is between the horizon 
and the meridian, or to measuring distances upon DR aa if they were 
५ prof ional pate arts of E’'Q. To make the Hindu ए correct, the 
: of this modification should be the an ae न T, with which, 
owever, it only coincides at the horizon, where both TPN and TN P 
nullity. The error is closely anal ا‎ ito that involved in the former 
process, and is of ab ht account when latitude is small, as is also the 
error in substituting 1 for 0 or M when neither the latitude nor the 
declination is great. | 
The direction of the ecliptic deflection (dyana ralana) is the same, 
evidently, with that of the declination a quadrant eastward from the 
point in question ; thus, in the case illustrated by the figure, it is south. 
hegdlirection of the equatorial deflection (d4sAa valana) depends upon 
م‎ Position of the al considered with reference to the meridian, 
heing—in northern latitudes, which alone the Hindu system contem- 
plates—north when that point is east of the moridian, and south when 
west of it, as specified in verse 24 : sinee, for instance, E’ being the 
east point of the horizon, the equator at any point between E’ and Q 
points, enstward, toward अ point north of the prime vertical, In the 
cas? for which the figure is drawn, then, the difference of the two would 
be the finally resulting deflection. Since, in making the projection of 
the eclipse, it ix Inid off as a straight med see the illustration given in 
connection with chapter ५५२ it must be reduced to its value a5 त sine: 
and moreover, since it is laid down in a circle of which the radius is 
40 digits (see below, ki اي‎ 2), or in which one digit equals 70'—for 
3435’ —40 = 70)", nearly—that sine is reduced to its value in digits by 
dividing it by 70. ए 
The general वन this كم‎ the व of directions 
during as collet or the purpose tablishing the positions, upon the 
disk of the eclipsed body, of the points of contact, Immersion, emerg- 
ence, and separation, also engaged the attention of the Greeks; Ptolemy 
devotes to it the eleventh and twelfth chapters of the sixth book of his 
। त ts fe resentation of directions, however, and consequently 
method of ation also, are different from those here exposed. 


26. To the altitude in time (unnata) add a cay yand 5 half, and 
divide by a half-day; by the quotient divide the latitudes and 
the disks; the results are the measures of those quantities in 
digits (anyula). | | 



















2 An process due account is taken, in the projection of an म i 
of apparent increase in magn isle 0 of the heavenly bodies when 
near the horizon, The theory lying at the foundation of the rale is this: 
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eulstice, is nothing, and when at the equinox is by to the greatest 
(oclination, it is therefore alwaiys equal to the declination at a quadrant's 
(listance fromthe planet. ‘This is, as we have seen, a false conclusion, 
and leads to an erroneous result: whether they~ho made the rule were 
aware of this, but deemed the process a convenient one, and its resnlt a 
osc “Near approximation to the truth, we will not venture to say. 
The other part of the operation, to determine the amount of deflec- 
tion of the cirele of declination from the east and west small circle, is 
considerably more difficult, and the Hindu process correspondingly 
‘lefective. We will first present the explanation of it which the com- 
mentator gives. He states the problem thus: “by whatever interral 
the directions of the equator are deflected from directions corres pond- 
ing to those of the prime vertical, northward or southward, that is the 
deflection due to latitude (sha valana), Now then: if a movable 
cirele be drawn through the pole of the prime vertical (seme) and the 
सि وعد ب‎ ied by the plan | ii €+ the circle N MS, Fig. 22], then the 
interval of the ‘easts,’ at the distance of a quadrant eee n each of the 
two circles, the equator and the prime vertical, from the wil where 
t ध ` ' are respectively ١ " cut by that circle ]1 ره‎ from T and ए] will be the 
sfextic ५६ «++ Now when the planet is at the horizon [as at D, referred 
to E’], then that interval is equal to the latitude [20]; when ie et 
is upon the meridian (yémyottararrtta, “south and north circle”) Pi ررم‎ 
when it is at नि referred to Qand 2] there is no interval Kota १ | 
Henee, by the slowing wing proportion—with a sine of the hour-angle 
sine of deflection for latitude is equal to 





the sine of latitude; then with any given sine of the hour-angle what 
is it —a sine of latitude is found, of which the are is the required de- 
flection for latitude.” ‘This is, in the Hindu form of statement, the 
eae represented by the rule in verse 24; viz. Ro‘ sin lat, r+ ain 
Hour-angle: sin deflection, 

It seems to us very questionable, at least, whether the Hindus had 
any more rigorous demonstration than this ‘of the process they ndopted, 
or knew wherein lay ee inaccuracies of the latter. These we will now 
proceed to point out. In the first place, instead of measuring the angle 
made at the point in question, M, by the two small circles; the east and 
west circle and that of daily revolution—which would be the angle 
PM N—they refer the body to the equator by a cirele passing through 
the north and south points of the horizon, and measure the deflection 
of the sees pa uator from a small east and west circle at its intersection with 
process formerly explained, no regard was had to the circle of ia 
revolution, DR, the intention being to measure the difference in तत्व 
tion of the ecliptic at M and the equator at 0, then the two parts of , 
the process are inconsistent in this, that the one takes as ita equatorial 
point of measurement O, and the other T, at which two si nta the 
direction of the ५६: पणाः ts different. But neither is the value of P'TN 
correctly found. For, in the spherical triangle P NT, to find the angle 
at T, we should make the proportion 0 


sin PT (or R):sin 12 11 : : منه‎ PNT: مزه‎ PTN a 
But, ऋ the third term in this proportion, the Hindus introduce the sine 
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CL, and the cirele of daily revelation, DR, which angle is equal to 
PMI", is also measured: this the commentary calls dyana alana, “the 
deflection due to the deviation of the ecliptic from the equator:" the 
text has no special name for it. The sum of these two results, or their 
difference, a5 the case may be, is the valanc, or the deflection of the 
ecliptic from the sinall east and west cirele at M, or the angle P’ MN. 
In explaining the method and value of these processes, we will com- 
mence with the second one, or with that by which PMP", the dyna 
talana, is found. In the following figure (Fig. 23), let OQ be the 
eqautor, and ML the ecliptic, P and P’ being their respective poles. 
Let M be the point at which the amount of deflection of ML from the 
circle of diurnal revolution, DR, is sought. Let ML equal a quadrant . 
draw P' L, cutting. the equator at ) : 
جد‎ also P L, cutting it at B; then draw Fig. 28. 
PM and OM Now P’ML isa tr- 
quadrantal i le, and hence M Q is 
a quadrant; and therefore Q is a pole 
of the circle POM, and QO is also o 
uadrant, and OM ia a night angle, 
but D E also makes night angles at M 
with PM; hence QM and DR are 
tangents to one another at M, and the 
spherical angle QML is equal to that 
which the ecliptic makes at M with the 
circle of declination, or to PMP’: and 
QML is measured by QL. The rule 
given in the text produces a result which 
if a near approach to this, althongh not 
entirely ककः with it excepting at the solstice and equinox, the 
points where the detlection is greatest and where it is al ing, We 
are directed to reckon forward a quadrant from the poutine of the 
eclipsed body—that is, from M to L, in the fiture—and then to calcu- 
late the declination at that point, which will be the nmount of deflection, 
But the declination at L is B L, and since LEQ is a right-angled 
ai le, having > sc apgle at 11, and since LQ and LB are alwaya 








an quadrants, L Bist be less than 1, 0. ‘The difference between 
them, however, can never be of more than trifling amount; for, as the 
angle QLB incresses, QL diminishes ; and the contrary. 

tn-order to show how the Hindus have arrived at a determination of 
this part of the deflection so nearly correct, and yet not quite correct, 
we will cite the cope Sega explanation of the process. He says: 
“The ‘ cast’ ( (أعشمم‎ of the equator ] بع‎ apparently, the point of the 
equator eastward toward which the small circle must he considered as 
pointing at M] is > point 90° distant from that where a circle drawn 
from the pole (क) through the planet cuts the equator :" that is to 
say, it 18 the point Q (Fig. 23), ॥ quadrant from ©: “and the interval 
b eon this is separated from the أ‎ east’ of the ecliptic at 90? from the 
planet, that is the dyona valana.” This is entirely correct, and would 
give us QL, the true measure of the deflection. Tut the commentator 
goes on farther to say that since this interval, when the planet is at the 
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25. From the position of the eclipsed body increased by three 
signs calculate the decrees of declination: add them to the de- 
ee of deflection, if of like direction; take their difference, if of 

ifferent direction: the ite nding sine is the deflection (ध्व 
fana)—in digits, when divided by seventy. 


This process requires to be performed only when it is desired to pro- 
ject an eclipse. In making a projection according to the Hindu meth ०९, 
as will be seen in connection with the sixth chapter, the eclipsed body 
represented as fixed in the centre of the oars with a north and 
south tine, and an east and west line, drawn through it. ‘The absolute 
position of these lines upon the disk of the eclipsed एव] is, of course, 
all the time changing: but the change ia, in the case of the sun, not 
observable, and in the case of the moon it is disregarded: the Sirya- 
Siddhinta takes no notice of the figure visible in the modus face nx 
determining any fixed and natoral directions upon her disk Tt is de- 
aired to represent to the ove, by the figure drawn, where, with reference 
to the north, south, east, and west points of the moment, the contact, im- 
mersion, cinergence, separation, or other phases of the eclipse, will take 
place. In order to this, it is necessary to know what is, at each given 
moment, the direction of the ecliptic, iu which the motions of both 
eclipsed and eclipsing bodies are made. The east and west direction is 
represented by a small circle drawn through the eclipsed body, parallel 
to the prime vertical; the north and south direction, by a great circle 
passing through the body and through the north and south points of 
the harmon + anid the direction of the ecliptic 14 determined by 0 
certaming the angular 
amount of its deflection 
from the small! cast and 
weat circle at the point 
ocoupled by the eclipsed 
a Thus, in the an- 
nexed figure (Fig. 22), 
WM be the place of 
the eclipsed body upon 
the eclipte, CL, and if دا‎ 
EW be the small enst | 
and west circle drawn 
throu = M parallel with 5 
£ 2, the prime vertical, then the deflection will be the angle made at M 
b CM and EM, which is equal to PM N, the angle 1 hr perpen- 
diculars to the two circles drawn from their respective poles, Tn order 
to find the عمل‎ of this angle, a double process is adopted: first, the 
angle made at M by the two small circles EM and DM, which 18 लार 
alent to  M N, is approximately determined: as this depends for its 
Amount ॥ Bay the oleerrer's latitude, being nothin in ai right sphere, it 
is called by the commentary désha ralana, “the न duc ما‎ Jati- 
tude :" the text calls it simply تا‎ (11 11.1.10 ५, degrees of deflection,” 8177 
it, does not, like the net, result of the whole operation, require to be ex- 
pressed in terns of its sine. Next, the angle made at M by the ecliptic, 
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to find the perpendicular, bere we have the base ular given 
find ypothenmse. The له وري مجم امات مويو‎ ‘tis id nce 
and the rule supposes it to be stated in the form of the interval between 
ren moment and that of contact or of separation: a form to 

1 of course, it may readily be reduced from any other mode of 

statement, The interval of time ia reduced to its equivalent as differ- 
ence of longitude by a proportion the reverse of that given in verse 19 

by which difference of longitude was converted into time; the moon's 
latitude is then calculated; from the two the hypothenuse is deduced 

and the comparison of this with the sum of the radii gives the mensure 
of the amount of obscuration. 

Verse 21 seems altogether مسحت‎ : It merely states the method of 
سوه‎ in case the time given falls anywhere between the middle and 
em of the eclipse, as if th specifications of the shan Verses Ap- 

plied only to 8 time occurring before the middle: w they are gen- 
eral in their character, and include the former case no less than the latter. 

When the eclipse is one of the sun, allowance needs to be made for 

the variation of parallax (त ita continuance; this is done by the 
process described in verse 19, of which the या भ il be given in 

the notes to the next chapter (vv. 14-17) 1 
In verse 20, for the first and only time, we have lat | deshepa 
rikshepa, as elsewhere. In the same verse, the term employed 
for “h enuse” is त्क्व, “hearing, organ of heari this, as well 
| नल fravena, which is also once or twice employed, is a syno- 
Pani the ordinary term duraa, which means literally ^ [६४ 
t to see upon what conception their employment in this significa- 

tion is founded 


"द 22..From half the sum of the eclipsed and ecli bodies 
rac मु given amount of obscuration, in inne? tes m the 
qua remainder tore of the latitude at 
the time, and take the square root of their difference. 
23, The result is the perpendicular (दः) in minutes—which 
an eclipse of the sun, is to be ane lied by the true, and 
chi by the mean, et this, converted into 
ime by the same manner as when finding the duration of the 
clipse, gives the time of the given amount of obscuration (qrdsa) 
of this are precisely the same with those of 
the problem stated above, in verses 12-15, excepting that here, instead 
of requiri १५ instant of time when obscuration commences, or becomes 
a. to know when it will be of a certain given amount. 
The solution mast be, as before, by a succession of Approximative steps, 
since, the time not being fixed, the corresponding latitude of the moon 
cannot be otherwise determined, 


24. Multiply the sine of the hour-angle (naa) by the sine of 
the latitude (aksha), and divide by पि ५ (ध 
ing to the result is the degrees of deflection (valundneis), which 
are north and south in the eastern and western hemispheres 
(kapala) respectively 















"= ~ 


نع a‏ رثن حسرا نم ~ ए‏ 


000070717 1 ~ eee 


2 "2 क Wa ') ل‎ a | 
+ च "5 353 





iv, 21.] Stirya-Siddhénta. 279 


16. The middle of the eclipse iz to be Sacre as Occurring 
at the true close of the lunar day: if from that time the time of 
half-doration be subtracted, the moment of contact (grasa) is 
found; if the same be added, the moment of separation. | 

17. In like manner also, if irom and to it there be subtracted 
and added, in the case of a total eclipse, the half-time of total 
obscuration, the results will be the momenta called those of im- 
mersion and emergence. = 


The instant of true opposition, or of apparent con न (see below, 
under ch. १. 9), in longitude, of the sun and moon, is to be بأ‎ as the 
middle of the eclipse, even though, owing to the motion of the moon in 
latitude, and also, in 2 solar eclipse, to parallax, that instant is not mid- 
way between those of contact and separation, or of immersion and 
emergence, To ascertain the moment of local time of each of these 
phases of the eclipse, we subtract and add, from and to the local time 
of opposition or conjunction, the true intervals found by the processes 
described in verses 12 to 15. 

The total disappearance of the eclipsed body within, or behind, the 

त اعالى‎ nimilana, literally the “closure of the eyelids, 

fs ats first commencement of reappearance is styled wamd- 
fana, “ parting of the eyelids, peeping.” We translate the terms by 
“immersion” and “emergence” respectively. 
_ 18. If from half the duration of the eclipse any given interyal 
be subtracted, and the remainder multiplied by the difference of 
the daily motions of the sun and moon, and divided by sixty, the 
result will be the perpendicular (>) in minutes. 

19. In the case of an eclipse (graha) of the sun, the perpen 
dicular in minutes is to be न lied by the mean half-duration, 
and divided by the true (sp/efa) half-daration, to give the trae 
perpendicular in minutes. | | 

20. The latitude is oe base (bhuja): the square root of the 
sum of their squares Rs the hypothénuse (crava): subtract this 
from half the sum of the measures, and the remainder is the 
amount of obscuration (कार्श्य) at me iven time" ` = 

21. If that time be after the middle of the eclipse, subtract 
the interval from the half-duration on the side of separation, and 
treat the remainder as before: the result is the amount remaining 
bscured on the side of separation. 

The BF ee ject of the process tanght in this Passage ay is to determine the 
amount of obscuration of the het body at any given moment during 
the continuance of the eclipse: It, as well as that prescribed in the 
following passage, is a variation of that which forms the subject of verses 
12 and 13 above, being founded, like the latter, npon a consideration of 
the right-angled triangle formed by the line joining the centres of the 
eclipsed and eclipsing bodies as hypothcnuse, the difference of their 
longitudes as perpendicular, and the moon's latitude as base, And 
wherenss, in the former problem, we had the base and hypothenuse given 
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1 the given time of the moon's true motion in a day over that of the sun 
is to a day, or sixty midis, so are AC and BC, th ¢ amounts which the 
moon has to gain in longitude upon the sun between the momenta of 
contact and immersion respectively and the moment of opposition, to 
the corresponding intervals of aia WIE | 

But the process, as thus conducted, involves a serious error: the 
moon's latitude, instead of remaining constant during the eclipse, is con- 
stantly and sensibly changing Thus, in the figure above, of which the 
conditions are those found by the Hinda processes for the eclipse of Feb. 
6th, 1800, the Seta pe instead of being upon the line HK. parallel 
to the عدت‎ = ic, is really upon QR. The object of the process next 
taught is to get id of this error. 

. 4ل‎ Multiply the daily motions by the halfduration, in nidis, 
and divide by sixty: the result, in minutes, subtract for the time 
of contact (pragraia), and add for that of separation (moksha), 
respectively ; ددا‎ 

16. By the latitudes thence derived, the half-duration, and 
7 hkewise the half-time of total obscuration, are to be calculated 
anew, and the process repeated. In the case of the node, the 
proper correction, in minutes, etc., is to be applied in the con- 
7 ary manner, | 


` क الا‎ 





| This method of sag the error involved in the supposition of 
a constant latrtude, and of obtaining another and more accurate deter- 
mination of the intervals between the moment of opposition and those 
of first and last contact, and of immersion and emergence, is by @ series 
# of successive approximations. For instance: A C, مد‎ already determined, 
being assumed as the interval between opposition and first contact, a 

2 new calculation of the moon's lon gitude 19 made for the moment A, and, 
1 with this and the sum of the radi, a new value is found for AC. But 
| now, as the position of A is ch anged, the former determination of its 
latitude is sack and most be made anew, and made to furnish anew 

. a corrected:value of A; and so on, until the position of A is fixed 
| with the degree of accuracy required. The process must be conducted 
F separately, of course, for each of the four quantities affected ; since, where 
latitnde is increasing, asin the case illustrated, the true values of AC 


and 96 will be greater than their mean values, while GC and FC, the 
trie intervals in the after part of the eclipse, will be less than AC and 
ly BC: and the contrary when latitude is decreasing, 
| ‘We have illustrated these processes by reference ca to a lunar 
। eclipse Hee their application to the conditions of a solar eclipse requires 
he introduction of another clement, that of the parallax, and will be 
Se in the notes upon the next chapter. 
The 


first contact of the eclipsed and eclipsing bodies is styled in this 
passage pragraha, “seizing upon, laying hold of;" elsewhere it is also 
3 called grdaa, “devouring,” and بوععصدم‎ “touching :” the Inst contact, or 
zr ل‎ named moksha, “ release, letting Be ` ‘The whole duration 
` the eclipse, from contact. to “i aration, is the stAiti, “ stay, continn- 
ance ;" total obscuration is vimarda, “crushing out, entire destruction.” 
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The word कावड, used in verse 11 for obscuration or eclipse, means 
literally “ eatin 5 devouring,” and so spe eaks more distinctly than any 
other term we have had of the old theory of the physical cause of 
eclipses. | 

12. Divide by two the sum and difference respectively of the 
eclipsed and eclipsing bodies: from the 2 uare of each of the 
resulting quantities subtract the square of the latitude, and take 
the square roots of the two remainders, 

15. These, multiplied by sixty and divided by the difference 
of the daily motions of the sun and moon, ae in nfdis, etc., 
half the duration (सद) of the eclipse, and half ४ ع1‎ time of total 
obscuration. | 

These rules for finding the intervals of time between the moment 
of o क or conjunction in longitude, which is regarded as the 
middleof the eclipse, and the moments of first and Inst contact, and, in 
a total eclipse, of the beginning and end of total obscuration, may be 
illustrated by help of the annexed figure (Fig. 21). 

Let EC L represent the ecliptic, the point C being the centre af the 
shadow, and let CD be the moon's latitude at the moment of opposi- 


Fig. 21. 





tion; which, for the present, we will suppose to remain unchanged 
through the whole continuance of the eclipse. It is. evident that the 
first sei of the moon with the shadow will take place when, in the 
triangle CAM, AO equals the moon's distance in longitude from the 
centre of the shadow, A M her latitude, and © 31 the sum of her radius 
and gary the shadow, In like manner, the moon will disappear en- 
tirely within the shadow when BC equals her distance in longitude from 
the centre of the shadow, BN her latitude, and CN the difference of 
the two radii. Upon subtracting, then, the square of A M or BN from 
thoso of UM and CN respectively, and taking the square roots of the 
remainders, we shall have the values of AC and BC in nrinutes, These 
may be reduced to time by the following proportion: as the excess at 
VOL, VI. a6 
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and the moment of opposition or conjunction, verse 8 teaches us how to 
ascertain the troe longitudes for that moment: it is by calculating—in 
the manner tanght in i. 67, bot with the true da ए motions—the 
amount of motion of the sun, moon, and node during the interval, and 
applying it asm corrective equation to the longitude of exch at mid- 
night, subtracting in the case of the sun and moon, and adding in the 
case of the node, if the moment was then already past; and the con- 





abs formed, the longitudes of the sun and moon will be found to corres- 
pond, in the manner required by verse 7 


04 _ For the days of new and fall moon, and their appellations, see the 
ॐ "١ note to ii. 86, above. The technical expression employed here, as in 
- one_or two other passages, to designate the “moment of opposition or 


١ conju netion” is parcenddyas, “nidis of the parvan,” of “time of the 

1 parven in nidis, ete.:" ممم‎ means literally “knob, joint,” and is fro- 
MS ' = caged applied, as in this term, to denote a conjuncture, the moment 
١ hat distinguishes and separates two intervals, and especially one that is 
of prominence and importance. 


9. The moon is the eclipser of the sun, coming to stand under- 
> neath it, like a cloud: the moon, moving eastward, enters the 
earth's shadow, and the latter becomes its eclipser. 


The names given to the eclipsed an ape ing bodies are cither chédya 
and, as here, ,ممالا‎ “the bod ४. to be १ and “the obscurer,” 
or griiya and gréiake, “the 7 to be seized” and “the seizer,” 
The Iatter terms are akin with grakons and graha, spoken of above 
(note to v, 6), and represent the ancient theory of the phenomena, while 
the others are derived from their modern and scientific explanation, as 
given in this verse. 


10. Subtract the moon's latitude at the time of opposition or 
co Sage from ण the sum of the measures of the eclipsed 
and eclipsing bodies; whatever the remainder is, that id to 
be the amount obscured, iD 
_ 11. When that remainder is greater than the eclipsed body, 

the eclipse is total; when the 0 + it is partial; when the 
latitade is greater than the half sum, there takes place no obscu- 
ration (rdsa). 


Tt is sufficiently evident that when, at the moment of opposition, the 
moon's latitude—which is the distance of her centre from the ecli tic, 
_where is the centre of the shadow—is equal to the sum of the radi of 

her disk and of the shadow, the disk and the shadow will just tonoh one 
५ another ; and that, on the other hand, the maon will, at the moment of 
6 “opposition, be so far immersed in the shadow as her latitude is leas than 
|| ‘the sum of the radii: and so in like manner for the sun, with due allow- 
ance for parallax. The Hindu mode of reckoning the amount द १ 

is not br Sas or twelfths of the diameter of the eclipsed body, which 
method we have inherited from the Greeks, but by minutes, 
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At will be noticed that no attempt is made here to define the lonar 
and solar ecliptic limits, or the distances from the moon's node within 
which eclipses are possible. Those limits are, for the moon, nearly 12°; 
य yeh dea "بعومأ‎ graha literall 

fhe word 1 to designate “eclipse,” grahenc, means literall 
“seizure”; it, with other’ kindred terms, to be noticed later, exhibits the 
influence of the primitive theory of eclipses, as seizures of the heavenly 
bodies by the monster Ribu. In verses 17 and 19, below, instead of 
grahena we have graha, another derivative from the same root grah or 
grabh, = م‎ p, seize.” Elsewhere oraha never occurs except as signifying 
९ anet, and it isthe only word which the Sdrya-Siddhdnta employs 

h that signification: as so used, it is an active instead of a passive अ 
derivative, meaning “seixer,” and its application to the planets is due 
to the astrological conception of them, as powers which “lay hold upon” 
the fates of men with their supernatural influences, 


7. The longitudes of the sun and moon, at the moment of 
the end of the day of new moon (amévdsyi), are equal, in signs, 
८८, at the end of the day of nal moon (paurnamds?) they are 
equal in degrees, ete,, at a distance of half the signs. 

8. When diminished or increased by the proper equation of 
motion for the time, past or to come, of गु conjune- 
tion, they are made to agree, to minutes: the place of the node 
at the same time is treated in the contrary manner. 

The very general directions and explanations contained in verses 6, 7, 
and 9 seem out of place hero in the middle of the chapter, and اليا‎ 
have more proper'y constituted its introduction. The process prescribed 
in es 8, also, which has for its object the determination of the longi- 
tudes of the sun, moon, and moon's node, at the moment of opposition 
or conjunction, ought no less, it would appear, to precede the ascertain- 
ment of the true motions, and of the measures of the disks and shadow, 
alrendy explained. Verse 8, indeed, by the lack of connection in which 
it stands, and by the obscurity of its language, furnishes a striking in- 
stance of the want of precision and intelligibility so often characteristic 
of the treatise, The subject of the verse, which requires to be supplied, 
is, “the longitudes of the sun and moon at the instant of midnight next 
preceding or followi 0 the given ate or conjunction”; that oe + 
the time for which the troe longitudes and motions are first calculated, 
in order to test the question of the probability of an eclipse. If there 
wre to be such a probability, the next step is to ascertain the inter- 
ral between midnight and the moment of opposition or conjunction, 
past or to come; this isdone by the method tanght in ii. 66, or by some 
other analogons process: the instant of the occurrence of opposition or 
conjunction, in local time, counted from sunrise of the place of observa- 
tion, must also be determined, by ascertaining the interval between mean 
and apparent midnight (ii. 46), the length of the complete day (ii. 59), 
and of its parts (ii, 60-63), ete.; the whole process is sufficiently illus- 
trated by the two examples of the calculation of eclipses given in the 
Appendix. When we have thus found the interval between midnight 
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was reduced, for measurement, to its value at the distance EM’, so, to 
be made commensurate with it, all the data of this process must be 
‘similarly modified, That is to any, the proportion 
EM: EM::f9:/' 9! 


Biscay ater ing, as before, the of the moon's mean to her true 
110 for that of EM' to E M—zgives jo’, which the text calls the 
اعنم‎ the word means literally “needle, pyramid? we do not see pre- 
cisely how it comes to be em plored to designate the quantity 7’, and 
have translated it, for lack of a better term, and in analogy with the 
language of the text مو‎ the diameters of the sun and moon, 
“corrected diameter of the earth.” It is also evident that 

EM’: fag £: : EM if 1" ابل "ووس‎ 
hence, substituting the latter of these ratios for the former in our first 
proportion, and inverting the middle terms, we have 

ES:EM::tw-—FG:f اق اول"‎ 
Once more, now, we have a substitution of ratios, ES: EM being re- 
ai by the ratio of the sun's mean diameter to that of the moon. 
In this there is a slight inaccuracy. The substitution proceeds upon the 
assumption that the mean apparent values of the diameters of the sun 
and moon are प्यः equal, in Which case, of course, their absolute 
diameters would be as their distances: but we have seen, in the note to 
the first verse of this chapter, that the moon's mean angular diameter is 
made a little less than the sun's, the former being 32", the latter 92! 240.9. 
The error is evidently neglected as being too small to impair sensibly the 
correctness of the result obtained: it is not easy to see, however, why we 
do not have the ratio of the mean distances represented here, 75 in verses 
2 and 3, by that of the orbits, or by that of the revolutions in an Age 
taken inversely. The substitution being made, we have the final propor- 
tion on which the rule in the text is based, vir, the sun's mean diameter 
is to the moon's mean diameter as the excess of the sun’s corrected 
diameter over the actual diameter of the earth is to a 1 nan on which, 
being subtracted from the stict, or corrected diameter of the earth, leaves 
as a remainder the diameter of the ४०1: rojected upon the moon's 
mean orbit: it is expressed in Fo) janas, but is reduced to minutes, 25 
before, by dividing by fifteen. The earth's penumbra is not taken into 
account im the Hindu process of calculation of an eclipse, 

The lines fg, 7" 9’, ete, are treated here as if they were straight lines, 
instead of arcs of the moon's orbit: but the inaccuracy never comes to 
be of any account practically, since the value of these lines always falls 
inside of the limits within which the Hindu methods of calculation 
recognize no difference between an are and its sine, 


6. The earth’s shadow is distant half the sigus from the sun: 
when the longitude of the moon's node is the same with that of 


the shadow, or with that of the sun, or when it is a few degrees: 


greater or less, there will be an eclipse. 


1 To the specifications of this verse we need {7 add, of course, “at the 
time of conjunction or of opposition,” | 
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We meet for the first. time, in this paseage, the term عه‎ im the 
treatise to designate a planetary orbit, namely AakzAd, literally “ border, 
girdle, periphery.” The value finally obtained for the apparent diame- 
ter of the sun or moon, as later of the shadow, is styled its mana, 
^“ व्ल. 

In order to furnish a (क illustration of the processes taught in 
this chapter, we have calculated in full, by the methods and elements of 
the Sirva-Siddlinta, the lunar eclipse of Feb, 6th, 1860. Rather, bow- 
ever, than present the calculation piecemeal, and with 15 different pro- 
cesses severed from their natural connection, and arranged under the 
passages to which they severally belong, we have preferred to give it 
entire in the Appendix, whither the render is referred for it. 


: 4. Multiply the earth's diameter by the true daily motion of 
‘the moon, and divide by her mean motion: the result is the 
earth's corrected diameter (siict), The difference between the 
earth's diameter and the corrected diameter of the sun 

6. Is to be multiplied by the moon's mean diameter, and divi- 
ded by the sun’s mean diameter: subtract the result from the 
earth's corrected diameter (क्लि), and the remainder is the diam- 
eter of the shadow; which is reduced to minutes as before. 


The method employed in this process for finding the diameter of the 
earth's shadow upon the moon's mean orbit may be explained by the 
aid of the following figure (Fig. 20). 

As in the Inst figure, let E represent the earth's place, 8 and M points 
in the mean orbits of the sun and moon, and M’ the moon's actual 
place. Let tm be the sun's corrected diameter, or the part of his mean 
orbit which lis disk at its actual distance covers, ascertained as directed 
in the preceding passage, and let FG be the earth's diameter. Through 


Fig. 20. 





F and G draw م‎ Ff and w Gq parallel to 5 M, and also (FA and eGé&: 
then A& will be the diameter of the shadow where the moon actually 
enters it, The value of A& evidently equals fg (or FG)—(fA+-9&); 
and the value of fA-+-9 £ may be found by the proportion 
Fe (or ES):fe--ww (or tu—FG)::F f(or EM): fh-+gk 

But the Hindu system provides no method of measuring the angular 
ralue of quantities at the distance EM’, nor does it ascertain the value 
of EM’ itself: and as, in the last process, the diameter of the moon 
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The method of the P rocess will be made clear by the annexed figure 
(Fig. 19). Let 18 be the enrth’s place, EM or Em the mean distance of 


Fig. 19. 





the moon, and ES the mean distance of the sun, Let TU equal the 
suns diameter, 65007, But now let the sun be at the greater distance 
ES!: the part of lis mean orbit which his disk will cover will no longer 
be TU, but a less quantity, بيدا‎ and fu will be to TU, or TU, عد‎ ES 
to ES’. Bot the text is not willing to acknowledge here, any more 
than in the second chapter, an actual inequality in the distance of the 
sun from the earth at different times, even thongh that inequality be 
most unequivocally implied in the processes it prescribes: so, instead of 
calculating E'S‘ as well as ES, which the method of epicycles sffords 
full facilities for doing, it substitutes, for the ratio of Es to ES, the 
inverse ratio of the daily motion at the mean distance ES to that at the 
trae distance ES’. The ratios, however, are not precisely equal. The 
arc am (Fig. 4, .م‎ 211) of the eecentric circle is supposed to be tray- 
ersed by the sun or moon with a uniform velocity. If, then, the motion 
at any given point, as m, were perpémdicular to Em, the apparent mo- 
tion would be inversely as the distanee. But the motion at m is per- 
pendicular to دده‎ msteal of Em. The resulting error, it is troc, and 
especially in the case of the sun, is not very great. It may be added 
that the eccentric circle which best represents the apparent motions of 
the sun and moon in their elliptic orbits, gives much more imperfectly 
the distances and apparent diameters of those bodies. The value of ftw, 
however, being thus at least approximately determined, ,ل"‎ the are of 
the moon's mean orbit subtended by it, is then found by the proportion 
ES:Em (or EM):: fest w'—excepting that -here, airain, for the ratio 
of the distances, ES and EM, is substituted cither that of the whole 
circumferences of which they are respectively the radii, or the inverse 
ratio. of the number of revolutions in a given time of the two planets, 
which, as shown in the note to the preceding passage, is the same 
thing. Having thus ascertained the value of fw! in yojanas, division 
by 15 gives us the number of minutes in the are 0 च, or in the 97016 
rE aw 7 

In like manner, if the moon be at less than her mean distance from 
the enrth, as كلذ كل‎ she will subtend an are of her mean orbit च o, mreater 
than N 0, her 17116 وان عرزل‎ the ralue of 0, 11 ¥ ojan (३.१ and iD ain nies, 
found by a method precisely similar to that already described. ‘ 

There is hardly in the whole treatise a more curious instance than 
this of the mingling together of true theory and false assumption in the 
same process, and is the concealment of the real character of na process 
by substituting other and equivalent dats for its true elements. 
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is, of course, proportionally over-estimated, being made to be nearly 4! 
(more 9 3' 50".4), instead of 8.6, its true value, an amount so 
small that it should properly have been 0 ected as inappreciable, 

It is an important property of the parallaxes of the sun and moon, 
resulting from the manner in which the relative distances of the latter 
from the earth are determined, that ey are to one another as the mean 
daily motions of the planets respectively : that is to say, 

| 53 7ع “نوو‎ प्र" 3 ६ कपि 3९4 so’ grr 
Each is likewise very nearly one fifteenth of the whole mean daily 
motion, or equivalent to the amount of aro traversed by each planet in 
4 nidis; the difference being, for the moon, about 38”, for the sun, 
about 3", We shall see that, in the calculations of the next chapter, 
these differences are neglected, and the parallax taken as equal, in each 
casey to the mean motion during 4 nAdis, 

The circumference of the sun's orbit being 4,331,500 yojanas, the 
nesignment of 6500 yojanas as his diameter implies that his mean appar- 
ent diameter was considered to be 32! 24018 : for 

360° : 3a! 24"".8 : : 4.331,500r : 65007 
The true value of the sun's apparent diameter at his mean distance is 
32“ 3.0. 

The results arrived at by the Greek astronomers relative to the paral- 
lax, distance, and magnitude of the sun and moon are not greatly dis- 
cordant with those here presented. Hip Seige us found the moon’s hori- 
zontal parallax to be 57/: Aristarchus had previously, by observation 
= the angular distance of thagmn and moon when the latter is half. 
illuminated, made their relative @istances to be as 19 to 1; this pave 
Hipparchus 3° as the sun's parallax. Ptolemy makes the mean dis- 
tances of the sun and moon from the earth equal to 1210 and 59 radii 
of the earth, and their parallaxes २" 51" and 58 14" respectively: he 
also states the diameter of the moon, earth, and sun to be as 1,32, 184, 
while the Hindus make them as 1,34, and 1342, and their true values, 
as determined by modern science, are as 1,39, and 4124, nearly 


7 2. These diameters, each multiplied by the true motion, and 
ivided oh y the mean motion, of its own planet, give the cor 
rected (spiufa) diameters. If that of the sun be multiplied by 
the number of the sun’s revolutions in an Age, and divided by 
that of the moon's, 

3. Or if it be multiplied by the moon's orbit (kakshd), and 
divided by the sun's orbit, the result will be its diameter upon 
the moon's orbit: all these, divided by fifteen, give the measures 
of the diameters in minutes. 


The absolute values of the diameters of the sun and moon being 
stated in pojanas it is required to find their apparent values, in minutes 
of are. In order to this, they are projected upon the moon’s orbit, or 
a 9 circle described about the earth at the moon's mean distance, of 
which circle—since 324,000 + 21,600=15—one minute is equivalent 


™ 










to fifteen yojanas, 
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ally nearly 8, being from 59’ 48", at the apogee, to 61/24", at the 


perige 3 
How the amount of thé parallax was determined by the Hindus—if, 
indeed, they had the instruments and the skill in observation requisite 
for making themselves an independent determination of it—we are not 
informed. It is not to be supposed, however, that an actual estimate of 
the mean horizontal parallax as precisely 53’ 20" lies at the foundation 
of the other elements which seem to rest upon it; for, in the ae 
up of the artificial Hindu system, all these elements have been modifi 
and adapted to one another in such a manner as to produce certain 
whole numbers as their results, and so to be of more convenient use. 
From this parallax the moon's distance may be deduced by the pro- 


portion 

ain 53’ 30" : 1 + earth's rad.: moon's dist. 
or 53 : 3438. : : Boor : 51,5707 
The radius of the moon's orbit, then, is 51,570 yojanas, or, in terms of 
the earth's radius, 64.47. ‘The true value of the moon's mean distance 
is 59.96 radii of the earth | 

The farther proportion 

3438" : Sdoo’ : : 57,5c0y : 8: جممم‎ 

would te as the value of a quadrant of the moon's orbit, 81,000 yoja- 
nas, and, as the whole orbit, 324,000 Ps i This is, in fact, the cir- 
comference of the orbit assumed by the System, and stated in another 
place (xii. 85). Since, however, the moon's distance is nowhere assumed 
as an element in any of the processes of the system, and is even directed 
(xii. 84) to be found from the circumference of the orbit by the false 
ratio of 1:+/10, it is probable that it was also made no account of in 
constructing the system, and that the relations of the moon's parallax 
and orbit were fixed by some such proportion as 

+ :؛ "و3 “لد‎ 360" : : Boor: Jad ooay 

The ees orbit bei 8 £24,000 yojanas, the assignment of 480 yoja- 
nas as her diameter implies a determination of her apparent diameter 
at her mean distance ae 39! since 

60° : 337 :: Jadooor : متاك‎ 
The moon's mean apparent diameter is actually 31! 7५, 

In order to understand, farther, how the dimensions of the sun's orbit 
and of the sun himself are determined by the Hindns, we have to notice 
zea a moon's orbit 4१00 yojanas, and her time of sidereal 
re pave cE hg dak é amount of her mean daily motion is 
11,6587.717. The Hindn system now assumes that this is the precise 
amount of the actual mean daily motion, in space, of all the planets, 
and ascertains the dimensions of their several orbits by multiplyin 5 it 
by the periodic time of revolution of each (see below, xii, 80-90). The 

length of the sidereal year being 365425875648, the sun's orbit is, عد‎ 
stated elsewhere (xii, 86), 4,291,500 yojanns. From a quadrant of this, 
by the ratio $400’: 4438", we derive the sun's distance from the earth, 
680,430 yojanas, or 861.8 radii of the earth. This is vastly less than 
his true distance, which is about 24,000 radii. His horizontal parallax 
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1 CHAPTER IV. | 
OF ECLIPSES, AND ESPECIALLY OF LUNAR ECLIPSES. 


= Coxtests:—1, dimensions of the sun and moon; 2-3, measurement of their apparent 
dimensions; 4-5, mensarement of the earth's shadow; त, conditions of the occur- 
١ rence of an eclipse; 7-8, ascertamment of longitude at the time of conjunction or 
0 of opposition; 9. causes of eclipses; 10-11, to determine whether there will be 
; an eclipse, and the amonnt of obscuration; 12-15, to. find half the time of dura 
tion of the eclipec, and half that of total obscuration; 14-17, to nsceriain the 
times of contact and of eeparntion, and, in مه‎ total eclipse, of immersion and 
emergence; 14-21, to determine the ainount of obscuration at a given time; 
22-91, to find the time corresponding to a given amount of obscuration; 24-295, 
measurement of the deflection of the ecliptic, at the point occupied by the 
eclipsed body, from an east and west line; 26, correction of the seale of projec- 

tion for difference of altitude. 


١ Mis 1. The diameter of the sun's disk is six thousand five hun- 
dred yojanas; of the moon's, four hundred and eighty. 


_ We shall see, in connection with the next passage, that the diameters 
of the sun and moon, as thus sto ited, arc subject to a curious modifica- 
tion, dependent upon and representing the greater or less distance of 

ose bodies from the earth; مع‎ that, in a certain sense, we have here 
शः their mean dinmeters. These represent, however, in the Hinde 
theory—which affects to reject the a ition of other orbits than such 
as are circular, and described at equal distances about the earth—the 
true absolute dimensions of the sun and moon. 

Of the two, only that for the moon is obtained by a legitimate pro- 
cess, OF P resents any tear appr proximation to the truth. The diameter of 
the earth being, as stated above (i. 59), 1600 yojnnas, that of the moon, 
480 yojanas, is .3 of it: while the true value of the moon's diameter in 
terms the earth's is 2716, or only about a tenth less. An estimate 
60 nearly correct supposes, of course, an equally correct determination 
of the moon's horizontal parallax, distance from the earth, and mean 
apparent diameter. The Hindu valuation of the parallax may be dee 
duced from the value given just below (v. 3), of a minute on the moon's + * ' 
orbit, as 15 aie Since the moon's horizontal parallax is equal to 
the angle subtended at her centre by the earth's radius, and since, at र 
the moon's mean distance, 11 of are equals 15 yojanas, and the earth's 
radius, 800 yojanas, would accordingly subtend an angle of 43’ 20"—the 
latter angle, 52/20", is, according to the system of the Sirya-Siddhanta, 
the moon's parallax, when in the horizon and at her mean distance. 
This is considerably less than the actual value of the quantity, as deter- 
mined by modern science, namely 57” 1'; and it is practically, in the 
calculation of solar eclipses, still farther الم سه‎ 3°51", the excess 
of the value assigned to the sun’s horizontal parallax, as we shall see 
farther on. 01 the variation in the parallax, doe to the varying distance 
of the moon, the Hindu system makes no account: the variation is actu- 
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| +° 25°, will rise, The problem, is, virtaally, to ascertain the are of the 
ش‎ equator intercepted between 3 the point which rose with the sun, and 





4, which will rise with H, since that arc determines the time elapsed , , , ` ~ 
between sunrise and the rise of H, or the time in the day at which the 
| latter will take place, In order to this, we ascertain, by a process simi 
3 lar to that illastrated in connection with the Inst passare, the bhogyd- 


a savas, “nacensional equivalent of the part of the sign to be traversed,” 
| of the point having less longitude—or »¢—and the bhuktdeavas, “ ne 
0 eensional equivalent of the part traversed,” belonging to H, the point 
| having greater longitude—or ?4—and add the sum of both to that of 
. the ascensional equivalents of the intervening whole sigus, ge and el, 
7 which the text enlls anfaralagndsavas, “ equivalent respirations of the ame 


interval ;” the total is, in respirations of time, corresponding ng te minutes 
of are, the interval of time required: it will be found to be 65550, or 
188 12" 35: and this,in the case assumed, is the time in the day at 
which the rise of H takes place: were H, on the other hand, the posi- 
| tion of the sun, 185 1 छर 37 would be the time before sunrise of the same 
‘event, and would require to be subtracted from the calculated length of 
the day to ge ivé the instant of local time, क 
It is evident that the main use of this process must be to determine 
the hour at which ه‎ given planet, or a star of which the longitude is 
known, will pass the horizon, or at which its “day” (see above, ii. 50- 
14 @3) will commence. A like = only the equiva- 
lents in right for those in 1 uscension—might be employed in 
determin ing at what instant of time the complete day, ahordéra, 
of any of the heavenly bodies, reckoned from transit to transit across 
the lower meridian, would commence: and this is perhaps to be مم‎ 
एता न ed عد‎ included also in the terms of verse 50 ; even thongh the 
3 ध wing verse plainly has reference to the time of rising, and the word 
كه بم‎ Used in it, means 0 the point upon the horizon, 

The last verse we take to be simply an obvious and convenient rule 
for determining at a glance in which part of the civil fox Rig take 
place the rising of any given fe of the ecliptic, or of a planet occn- 
pying that point. If the si ae of a planet be less than that of the 
son, While at the same time My are not more than three nigne apart— 
this and the व= esponding restrictions in point of distance are 
plainly implied in the different specifications of the verse as compared 
with one another, and are accordingly explicitly stated by the commen- 
tator—the hour when that planet comes to assume the (रा called 
in the text lagna, or to pass the eastern horizon, will evidently be 
between 0 and sunrise, or 7 the after part (resha, literally “ re- 
mainder”) of the night: if, arain, it be more than three and less than 
six pal behind the sun, or, whic ich is the same thing, more than six and 
Jess than ne Sign in advance of him, its time of pee will be between 
sunset and midmght: if, once more, it be in advance of the sun by less 
than six signs, it will rise while the sun is above the horizon. 





The next three chapters treat of the eclipses of the sun and moon, the 
fourth being devoted to lunar eclipses, and the fifth to solar, and the 
sixth containing directions for projecting an eclipse. | 
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any other reason, the manner of ए موس‎ | g would be somewhat differ- 
ent. Thus, if AH (Fig. 18) were the sun's lon sata and مر‎ P the line 
of the eastern horizon, we should first find Ap, by subtracting the part 
of the day already elapsed from the caleulated length of the day (this 
step is, in the text, omitted to Dees cified); from it we should then 
subtract the Jhukidseves, 2h, and then the equivalents of the signs 
throogh which the sun has already passed, in inverse order, until there 
remained only the part of an equivalent, pg, which would be converted 
into the corresponding are of ong itude, PG, in the same manner as 
before: and the subtraction of PG from AG would give AP, the 
oi ee itude of the point P. | 

١ ذا‎ agam, if it be required to determine the point of the ecliptic 

which is at any given time upon the meridian, the general process is the 
same as already explained, excepting that forthe time from sunrise is 
substituted the time until or since noon, and also for the equivalents in 
oblique ascension those in Ape t ascension, or, in the language of the 
text, the “times of in : at Lanka” (dankoddéyasavas); since the me- 
ridiam like the equatorial horizon, cute the equator at right angles. 
1४ will be obsrved that all these calculations € the increments 
longitude of to be proportional to those of ascension throughout each 
sign: in a process of greater pretensions to accuracy, this would lead to 
error of some consequence, 

The use and valne of the methods hore taught, and of the quantities 
found as their results, will appear in the sequel (see ch. १, 1-0; vii. 7; 
ix, 5-11; x. 2). | 

The term कजत, by which the horizon is يي‎ may be under- 
stood, according to the meaning attributed to اطع‎ (see above, under 
ii. 61-63), either as the “circle of situation” —that is, the one which is 
dependent न the situation of the observer, varying with every (> ५ 
of place on his part—or as the “earth-vircle,” the one produced by the 
intervention of the earth below the observer, or drawn by the earth 
upon the sky. Probably the latter is its true interpretation. 


60, Add together the 1 بمامعله جأن‎ in respirations, 
of the part of the sign to be traversed by the point having less 
longi itude, of the part traversed by that having greater longitude, 
and of the intervening signs—thus is made t he ascertainment of 
time (4dlasidhana), | 

21. When the longitude of the point of the ecliptic upon the 
horizon (lagna) is less than that Of the sun, the time isin the 
latter part of the night; when greater, it is in the day-time ; 
when greater than the longitude of the sun increased by half 3 
revolution, it is after sunset. | 


The process tanght in these verses is, in a manner, the converse of 
that which is explained in the preceding passage, its object being to find 
the instant of local time when a given point of the ecliptic will be upon 
the horizon, the longitude of the sun being also known, Thus (Fig. 18), 
supposing the sun’s longitude, A P, to be, at a giv iven time, 15 12°; it 1s 
required to know at what time the point H, of which the longitude is 
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The word lagna means literally “attached to, connected with,” and 
hence, “corresponding, equivalent to." It is, then, most properly, and 
likewise: most 0 mployed to designate the point or the are of the 
equator which corn to a given point or arc of the ecliptic, In 
such a sense it oceurs in this passage, in verse 47, where lagndsavas is 
precisely equivalent to udaydeaves, explained in connection with the 
next a ا‎ ing presage; also below, in verse 50, and in several other 

| ate Tu verses 45 and 40, however, it receives a different significa 
ion, being tuken to indicate the point of the ecliptic which, at a gre 
time, is upon the meridian or at the horizon; the former being called 
0 im दद, “lagna at the horizon”—or, in one or two cases else- 
where, simply lagna—the other receiving the name of madAyalagna, 


“meridi 
The rules by which, the san's | tude and the hour of the day being 
शि न horizon a th تود عه‎ 


known, the points of the ecli | 

are found, are yery elliptically and obscurely stated im the text; our 
translation itself has been necessarily made in part also a paraphrase and 
explication of them 3 3 farther illustration may be best effected by 
means of an example, with reference to the last figure (Fig. 18). 

Ata given'place of observation, as Washington, let the moment of 
local time—reckoned in the usual Hindu manner, from sunrise—be 18" 
197 35, and let the longitude of the sun, as corrected by the precession, 
be, by calculation, 42°, or 16 12°: it is required to know the longitude 
of the point of the ecliptic (/agna) then upon the eastern horizon, 

Let 3 (Fig. 18) be the place of the sun, and HA the line of the عمط‎ 
ron, at the given time; and let p be the point of the equator which rose 
‘with the sun; then the arc pA is equivalent to the time since sunrise, 
484 12" 35, or 65558. The value of tg, the equivalent in oblique ascen- 
sion of the second sign ¶ 6, in which the sun is, is given in the table 
Sed at the end of the note upon the preceding passage as 13139, 
To find the value of the part of it py we make the proportion 

TG: PG::tg:pa 
or 90: : 18 : : 1312": 7 
From pA, or 65557, we now subtract pg, 7877, and then, in succession, 
the ascensional equivalents of the following signs, GC and CL—that is, 
ge, or 17557 and ¢f, or 2197?—until there is left a remainder, 19, or 
18988, which is less than the equivalent of the next si BP. To. this re- 














mainder of oblique ascension the corresponding arc of longitude is then 

found by a proportion the reverse of that formerly made, ey | 
fe:lh::LV:LH | 

or 2278" : 16980 : : 20°; 25° 

The result thus obtained being added to AL, or 49, the sum, 4" 25°, or 

145°, is the longitade of प. 


see و‎ is called in the text Ghogydeavas, “the equivalent in respi- 
rations of the part of the sign m to be traversed,” while ¢p is styled 64५ 
Ydsavas, “the respirations of the pests traversed.” 
Tf, on the other hand, it were desired to arrive at the same result by 
skoning in the opposite direction from the sun to the horizon, either 
ccount of the greater proximity of the two in that direction, or for 
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- add the quotient, m 
१० recat 


apply the result as an 





+ 49.] 


Farther, to find the oblique equivalents in the second quadrant, we 
are directed to invert the right equivalents, and to add to each its own 
corakhanda, decrement of ascensional difference Thus 

l=O' عدن[‎ (eO'-1L ) لامح‎ T2187 
beset! Ve (LL Vel ae Vee 
and finally, eS ए" 8 ل‎ = ए عد‎ 248 

It is obvious without particular explanation that the arcs of oblique 
ascension thus found as the equivalents, in a given latitude, of the [क्तः 
six signs of the weliptic, are likewise, in inverse order, the equivalents of 
the other six. We have, then, the following table of times of risi ne 
(ndaydacras), for the e “oe and for the latitude of Washt of 
the divisions of the ec 


Eyuivalents in Right and Oblique Ascension of the Signs of the Ecliptic. 
Sa 





For the expression “at Lanki,” em in versa 43 to designate 

the equator, sea above, under i. 62 plore 
46. From the longitude of the sun at a given time are to be 
calculated the ascensional equivalents of the parts past and to 
come of the sign in which he is: they are equal to the number 
degrees traversed and to be traversed, multiplied by the as 
valent (udaydsavas) of the sign, and divided by 


“hen vad res given time, reduced to respirations, sub- 
tract the equ ¢ in Tespirations, of the part of the aign to 
come, and also the asoensional equivalents (lagndsavas) of the 
ollowing signs, im succession likewise, subtract the equiva- 
of past, in inverse 

ly it by thirty and divide 















इ, to १ oe hole signs, or subtract it from them 
point of the = عنام‎ (lagna) which is at that time upon the 


ae 49. So, (~ । the east or west hour-angle (nata) of the sun, in 

Rao made a similar calculation, by means of the equiv- 
17 1 1५41 (4101141. 

additive or subtractive n to the suns longitude; the re- 

sult is the point of the ect then upon the meridian ( 
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Upon working out the process, by means of the table of sines given 
in the second chapter (vv. 15-22), and assuming the inclination of the 
plane of the ecliptic to be 24° (ii. 28), we find, by the rule given above 
(ii, 60), that the day-radii of one, of two, and of three sines, or ८0, ga’, 
Uc, are 3566 + 3216", and 3140° respectively, and that the sines of = and 
y are 1604° and 2007’, to which the corresponding arcs are 27° 50" and 
57° 45", or 1610" and 3465. The former is the ascensional equivalent 
of the first sign; subtracting it from the latter gives that of the second 
sign, Which is 1705’, and subtracting 3465’ from a quadrant, 5400’, 

gives the equivalent of the third sign, which is 1995'—all as stated in 
the text 

These, pages the periods of sidereal time which the first three 
signs of the ecliptic will occupy in rising above the horigon at the equa- 
tor, or in passing the meridian of any Tntitude, It is ज्व that the 
sare 2 resp in inverse order, will be the equivalents ¶ right mace n- 
sion of the three following signs also, and that the series of six equiva- 
lents thus found will belong also to the six signs of the other half of the 
ech iptic. In order, now, to ascertain the equivalents of the signa in 
oblique ascension, or the periods of sidereal time which they will oceupy 
in rising above the horizon of a given latitude, it is necessary first to 
calculate, for that latitude, the ascensional difference (cara) of the three 
pomts T, لدم ,نا‎ © (Fig. 17), which is done by the rule given in the Inst 
mt ter (vv. 61,62). We have calculated these quantities, in the Hindu 
Method, for the latitude of Washington, 38° 54", and find the ascensional 
difference of T to be 578", that of G 1061", and that of C 1263’, The 
manner in which these are combined with the equivalents in right 
ascension to produce the equivalents in oblique sacension may bo ex- 
plained by the following figure (Fig. 18), which, although not a true 
projection, is sufficient for the purpose - 
of illustration, Let ACS be a semi- 2 
circle of the ecliptic, divided into ita (ह 
successive signs, and AS a semicirclé 
of the equator, upon which AT’, T’ G’, 
ete. are the equivalents of those signs 
in right ascension; and let 6 9, بعنه‎ be | 
the points which rise simultaneously 
with 1, ,نا‎ etc, Then fT’ and ह V", the 
ascensional difference of T and V, are | 
578, 9G’ and (L' are 1081 and ८ | 
is 1263’. Then Ad the equivalent in 
oblique ascension of A'T, equals AT” — | 
tT’, or 1092", To find, again, the value 
of fg, the second equivalent, the text 
directs to subtract from T’ G' the differ- 
ence between fT" and 56 which is 
called the carakhanda, “portion of ascensional difference "—that is to 
say, the increment or decrement of ascensional difference at the point 
G us compared with T. Thus 


tg=T' G'—(9G'=1T)=1"G' 1ج‎ —7G'=1G' 9 Gist 
and ge=G'O'—(¢0’=9 G')=G! O'4-9 G’ ع9 نا وداناءع-‎ 01137 





268 قاد السك رمسم ],45 iil.‏ 


difference (carakhanda), as calculated for a given place, are the 
times of rising at that: er 

45. Invert them, and add their own portions of ascensional 
difference inverted, and the sums are the three signs beginning 
with Cancer: and these same six, in inverse order, are the other 
six, commencing with Libra 


The problem here is to determine the “times of rising” (udaydseras) 
of the different signs of the ecliptic—that is to say, the part of the 5400 
a irations (asaras) constituting ذل‎ quarter of the sidereal day, which 
each of the three signs making up a quadrant of the ecliptic will occupy 
in rising (wdaya) above the horizon. And in the first place, the times: 
of rising at क ॥ equator, or in the right sphere—which are the equiva- 
lenta of لافطا‎ 1) right ascension—are found as follows; 

Let ZN (Fig. 17) bea quadrant of the solstitial colure, A N the pro- 
jection प pe n its plane of the ९ १५९) colure, AZ of the equator, and 
AC of the ecliptic; and let A, T, G, and Putt 
C be the projections upon AC of the initial क 
points of the first four “ign a; then AT ts 
the sine of one sign, or of 20°, AG of two 
signs, or of 60°, and AC, which is radins, 
the sine of three signs, or of 90°, From 
T, G, and C, draw Tt, Ga, dot 
larto AN, Then A T# and A Ce are simi- 
lar triangles, and, since AC equals radius, 

R:Gez:AT:Tt 

But the are of which 745 sine, = the 
same part of the circle of diurnal revolu- 
tion of which the radius is ,7غ‎ as the re- 
quired ascensional equivalent of one sign is 
of the equator: hence the sine of the Intter, which we may call z, is 
found by reducing Tf to the measure of a great circle, which is done by 
the proportion 










tees: Tt:sne 
Combining this with the preceding proportion, we have, 
tf:Ce::AT:amz 
Again, to find the ascensional equivalent of two signs, which we will 
call क, we have first, by comparison of the triangles AGg and ACe, 
, R:€c¢c::AG:Gg 
and gg':R::Ggisn y 
therefore, as before, gg :Oc:: AG: اهن‎ 
Hence, the sines of the ascensional equivalents of one and of two signs 
res Renee are equal to the sines of one and of two signs, AT and 
AG, moltiplied by the day-radius of three signs, Oc, and divided each 
3 its own day-radins, १४ and gg’; and the conversion of the sines thus 
obtained into are gives the sscensional equivalents themselves. The 
rule of the text includes also the equivalent of three signs, but this ane 
obviously equal to a quadrant that it is unnecessary to draw out the 
process, all the terms in the proportions disappearing except radius. 
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manner; first, as was shown in connection with verse 7 of this chapter, 


“op ween gest دتو ا عاو‎ (Fig. 13, p. 254) 
but EC:CA::EH:BC | 
therefore h ८ लनी meas, ampl.:: EH: BC 


BC, the sine of declination, being thus ascertained, the lo १४५० de is de- 
duced from it a8 in a previous process (see above, vy, 17-20). 


41.... Upon a given day, the distances of three bases, at 
noon, in the forenoon, and in the afternoon, bein a off, 
, 42. ( نم‎ ane of hha م‎ an of the Hines awn न 
them by means of two fis figures, ( matsya), and with a radins 
touching the three points, is اد‎ the path of the shadow. . - 


This method of drawing upon the face of the dinl the path which 
ceeds upon the assumption that that path willbe an are « ih circle—an 
erroneous assumption, since, excepting within the polar circles, the path 
of the shadow is always a ا‎ when the sun is not in the 5 untor, 
To low latitudes, however, the difference between the arc of the hyper 
bola, ५6 फः not too far from the gnomon, and the are of. a circle, 
i. The 





is no धवाना, itis not very surprising that the Hindns should have 
averlooked مر كلد‎ path being regarded asa truc circle, of course it 
can be drawn if any three points in it can be found by calculation: and 
this is not difficult, since the rules above given furni means of aseer- 
taining, ba ing, if the sun's declination and the observer's latitude be known, 
+ length of the shadow and the length of its base, or the distance of 
ex it ا‎ he from the east and west axis of the dial, at different times 
ng the day. One - of the process, however, has not been provi- 
५४ d for in the rules hitherto given. ‘Thus (Fig. 9, B, 241), 0p supposing 
) m, and 1 to be three points a the same daily path of the shadow, we 
व्‌ mm order to lay down J and m, to know not only the hases { i", 
nO”, bat also the distances ९ १ 8", But these aro readily found 
when the shadow and the base corresponding to each are known, or 
ह calculated from the sines of the respective hour-angles, 
ree points being determined, the mode of describing a circle 
through them is virtually the same with that which we out em 01: 
lines are drawn from the noon-point to each of the others, which are 
then, by fish-figures (see above, under vv. 1-5), bisected by other lines at 
right ee} them, and the intersection of the latter is the centre of 
the required circle, 
by their own respective day-radii, 

43. In succession, the sines of one, of two, and of three Bigns; 
the quotients, converted into are, being subtracted, each from the 
one following, give, beginning with Aries, the times of rising 
(udaydsaves) at Lanka; 

44. Namely sixteen hundred and seventy, seventeen hundred 
and ninséy five, and. nineteen hundred and. thirty-five respita- 
tions, And these, diminished cach by its portion of ascensional 
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The processes for म from the sine of altitude that of zenith- 
distance, and from both the length of the मार; shadow and its 
hy "og entse, are precisely the same as in the last problem. 1 

or the meaning of antyé—which, for lack of a better term, we have 
translated “day-measure"—see above, under verse 7, The word mata, 
9: which the hour-angle is designated, is the same with that employed 
ibove with the signification of “meridian senith-dlistance ;” see the note 
to verses 14-17. 


87. If radius be multiplied by a given shadow, and divided 
by the corresponding hypothenuse, the result is the sine of 
i-distance (dre): the square root of the difference between 
the square of that and the bo pa eof radius 
88. Is the sine of altitude (ganku); which, multiplied by 
radius and divided by the sine of co-latitnde (lamba), Fe the 
“divisor” (cheda); multiply the latter by radius, and divide by 
the radius of the diurnal circle, ١ | ١ 
39. And the per is the sine of the sun's distance from the 
horizon (unrata); this, then, being subtracted from the day- 
measure (anty@), and the remainder turned into arc by means of 
the table of versed sines, the final result is the hour-angle (naga), 
The process taught in these verses ए tiie isely the converse of the 
one deseribed in the preceding ae ह, is only port which calls for 
farther remark in connection with it is, that the line GQ (Fig. 16) is in 
verse 80 called the “sine of the annata.” By this latter term is desig- 
nated the opposite of the hour-angle (nafa}—that is to say, the suns 
angelar distance from the horizon upon his own circle, A’, reduced to 
rag म م‎ the micasure of a great circle. Thus, when the sun is at OY, 
his angle (nafa at time till noon, is QE; his distance from 
the horizon (wanata), or the time since sunrise, هذ‎ Q’G', But GQ is 
ith no: एन श्‌ the sine of 6/7 02: it is not itself a sine at all, 
actual sine of the orc in question would have a very different 














40. Multiply the sine of co-latitnde by any given measure of 
am ee fide (agrd), and divide by the correspondi get es 
in ee the resul Joy hae ae (8 sed by the | rei secs 1 ण 
to ee tiplied by radius, and divided by sine of grea 
“a The 4 verted in : th 

7 @ quotient, converted into aro, is, in signs, oh ९ sun's 
aad 1; 2 means of the quadrants is then found 
he actual longitude of the sun at that point. = = 


भ ٠, the sun's declination, and,‏ جسم 
ean longitude, may, the latitude of the ob-‏ 
server being known, be found from a single observation upon the ahackow‏ 
at any hour in the day.. The declination is obtained from the measure‏ 
of amplitade and theehypothenuse of the shadow, in the following‏ 
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36. By rading, gives the sine of altitude (sanku): subtract its 


‘sine from that of tadins, and a square root of the remainder is 
the sine of zenith-distance (dre): the shadow and its hypothe- 
nuse are छित्‌. In the preceding process, 


The object of thia process is, to find the sine of the sun's altitude at, 
any given hour of tho day, when ‘Bae distance from the meridian, his 
declination, and the latitude, are known, The sun's angular distance 
from the meridian, or the hour-angle, is found, as explained by the com- 
metitary, by subtracting the time elapsed since sunrise, or which isto 
` elapse before sunset, from the half day, as calculated by ى‎ rule previously 
given (i, 01-63). From the declination and the latitude the sine of 
saconsional difference (carajyd) is supposed to aia جيم‎ alrendy derived, 
by the method tanght in the same passage; هد‎ also, from the declina- 
tion (by ii. 60), the radius of the diurnal circle. The successive steps 
ot eg ya of calculation will be made clear by a reference to the 
annexed figure (Fi 3 16), taken in connection with Fig. 13 (p. 264), with 
which it corresponds in dimensions and lettering.” Let GG ©: E repre- 





sent a portion of the plane of the equator, C being its centre, and GE 
Fig. 14. 


its intersection with the plane of the me- 
ridian; and jet AA’ 13/17 represent > cor- 
responding portion of the plane of the 
diurnal cirele, as seen projected upon the 
other, tts centre and its line of intersection 
with the meridian coinciding with those 
of the latter, Let CG 4 tal the sine of 
aacensional difference, and AE ita corre- 
spondent in the lesser circle, or the earth- 
eine [44 or هبلطا‎ ; see above, ii, 61). 
Now let © be the place of the sun at a 
gives time; the angle OOC D, measured 
by the are of the equator QE, is the 
hour-angle : from च draw Q’Q perpendic- 
tlarto CE then QQ is the sine, and | 
QE theversed sing of VE Addy, भ 
radims, EC, the sine of ascensional difference, CG; their sum, EG— 
which is the equivalent, in terms of a great circle, of D A, that part of 
the diameter of the circle of diurnal revolution which js above the 
horizon, and which cog ey measures the length of the day—is 
theday-mensure (antyd), From EG deduct EQ, the versed sine of th 
hour-angle; the remainder, G Q, is the same quantity in terms of a great 
circle which AO is in terms of the diurnal circle: hence the reduction 

of ug to the dimensions Of the lesser circle, by the proportion 

CE:BD::6Q:A0 
gives us the value of AO; to this the tert gives the techni > 
divisor” (cheda). But, hy Fig. 12, = ae name of 
CE:EH::A0:0R 

sere oe oie = the sie? nf the sun's altitude at the given time, 
tials A (), the “divisor,” multiplied by EH, the cosine of latitude, and 
yield by CR vedi ماو‎ mee Bone 
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nearly the same propriety be called shadow,” as that of the former 
the “gnomon.” ‘The particularsine of altitude which is the result of 
the present process is commonly known as the konasanku, from the 
kona, which, signifying originally “angle,” is used, m connection 
with the dial, to indicate the angles of the circumscribing square (see 
Fig. 9, p. 241), and then the directions in which those angles lie from 
the gnomon. The word itself is doubtless borrowed from the Greek 
पणत, the form (वः to it being that in which it appears in the com 
por t tridoma), etc. Lest it seem strate عد‎ the a 
dus should have derived from abroad the name for so familiar and © 
elementary a quantity as an angle, we would direct attention to the 
striking fact that in that stage of their mathematical science, at least, 
whieh is represented by the Sirya-Siddhanta, they appear to have made 
no tise whatever in their calculations of the angl for, excepting in 
this (vy. 34} and in the term for “square employed in a pre- 
vious verse (४, 5) of this chapter, no word meaning “angle” is to be 
met with anywhere in the text of this treatise. The term dre, used to 
signify “xenith-distance "—excepting when this is measured upon the 
meridifin; see above, under vv. 14—16—means literally “sight this 
sense, it occurs here for the first time: we have had it more than once 
above with the signification of “observed place,” as distinguished from 
a position obtained by calculation, In verse 32, sandéu might be under- 
sto 9 aes te She, Senge Ot” اج‎ yet beige لعي‎ rele its own 
proper signification of “gnomon € meaning bemg, that the sun, m 
the cases नन osed, makes his revolution to the south or to the north of 
the gnomon itself, or in such a manner as to cast tle shadow of the 
latter, at noon, northward or southward, One of the factors in the cal 
culation is styled Agramf, “surd” (see Colebrooke’s Hind, Alg. p. 145), 














rather, apparently, bene ‘a quantity of which the root is not required to 
be taken, than one of which an integral root ig always impossible; or, it 
4 ste Se † न e of a line which is not, and cannot be, drawn 





the 
ted “froit'” (piala) is one of very frequent occurrence 
| pnoting “quotient, result, corrective 

form ١ and of injunction ea Ti verses 30 ond 
30, in the य “the result obtained by the wise,” and “let the wise 
man set te. is مع‎ little in accordance with the style of our 
treatise elsewhere, while it is also frequent and familiar in other works 
of a kindred charncter, that it furnishes ground for suspicion that this 
passage, relating to the konagankw, is a Inter interpolation into the body 
of the text; and the suspicion is strengthened by the fact that न 
cess prescribed here is so much more complicated than those elsew 
presented in this chapter 


34: . . . If radius be increased by the sine of ascensional differ 
enée (cara) when declination is north, or diminished by the same, 


when declinggion 

: is the day-measure ( diminished 
by the versed sine (uthramajy?) of the hour-angle (naa), then 
1 b = day-radins and ११०१ raion 3 the 0 
Visor a); the latter being m ए Sine 
eo-latitude (lamba), and vided 
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—a/4, sin alt. bys; تحت 1 درن اله هذه إلقة‎ we have a?—2abz+b3 تج‎ 
5 redueti 2 4 ‘| ting, 
زم كانيج‎ and, by tion, = प = इकः, Represen 


again, tha by ० by 4, and reducing, we have न 


Fs. Bat is evidently the same with the “fruit,” since 5, or tan 


आ 2 thee a6 _ ९4६7, श्प], , 
lat., equals eq. sh.—gnom., een गन 
soa oe }-at_(§R*=sin*ampl.) xn 
and ॐ 15 also the same with the “surd,” for es apo ae 
Tf, the latitude being north, we consider the north direction as. posi- 
tive, ¢ will be positive: The value of كر‎ given above, will then evidently 
be positive or negative as the sign of a is plos or minus, But a, the 
sine of amplitude, is positive when declination is north, and negative 
when declination is south. Hence 7 is to be added to or subtracted 
from the radical, according as the sun is north or south of the equator, 
as prescribed by the Hindu rule. A minus sign before the radical would 
correspond to 3 second passae of the sun across ene south-east and 
gp north-west vertical cirele ; which, except in a high latitude, would take 














place always below the horizon. 
The construction of the last part of verse 32 is by no means clear, yet 
we cannot question that the meaning intended to be conveyed by it is 
y represented by our translation, When declination is greater than 
५ Inti ध the अ revolution is made wholly to the north of the 
prime vertical, and the vertical circles which he crosses are the north- 
east and the north-west. The process prescribed in the text, however, 
gives the correct value for the sine of altitude in this case also. For, 
in the triangle SZ P (Fig. 15), all the parts remain the same, excepting 
that the angle 1 25 becomes 45°, instead of 135°: but the cosine of 
the former is the same as that of the latter arc, with a difference only 


of sign, which १११४ sin the process, the cosine being squared, 

The sine of altitude being Sant that of its ध of zenith- 
distance, is readil 1 derived from it by the method of squares (as above, 
in vv. 16,17), To ascertain, farther, the length of the corresponding 
shadow and of its hypothennse, we make the proportions 

sin alt. : in zen, dist. :: gnom. : shad, 
and sin alt. : 1 : : इण. : hyp, shad. 

In this passage, as in those that follow, the sine of altitude is called 
by the ee name, candy, “staff” which is 00 given to the 
gnomon: the gnomon, in fact, re — ing in all cases, if meh rpothe- 
nuse be made radins, the sine of the sun's altitude. The wor ॐ fre- 
goes weet in this sense in the modern astronomical language : os 

C (Fig. 13, p. 254), the sine of the sun's altitude when upon the 

vertical, is called the samamandalacanku, “prime vertical staff,”‏ ع 
and BT, the sine of altitude when the sun crosses the unmandala, or‏ 
व and west hour-circle, is ae led the unmandalasanku : of the latter‏ 
iné, however, the Sirya-Siddhdnta makes no account. We aro aur‏ 
prised, however, not to find a distinct name for the altitude, as for ite‏ 
complement, the zenith-distance: the sine of the latter might. with very‏ 
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In like manner, de?=2 meas. ampl.? But the similar triangles 
Cde and CDE give Cd? de? :: CD? : DE; which, by halving 
the two consequenta, and observing the constant relation of Ud to the 
measure of amplitude (see above, under v. 7) Elves 112 : sin ampl.# 
>: आ) 152 : whence क) E'?= sin ampl.*, or D === 2 ain. ampl,* 

Now the required sine of altitude = DG, and DG—DH--HG 
DH-+1J. And, 0 the trinn ges DHLDILE. EFG, 12 00 
and C 6¢ are-all similar ien, from DHT and Ube, we derive 

DH: DI::6e:Ce 
from DIE’ and Che, DI: DE'::Cé:Ce 
and, by combining terms, DH; DE’s:6e%C5:Ce? 
aft sh Xen X./2.sinampl — eq.ehXgn.X sin ampl 
wheore DH (= jen! جم‎ ait fruit 

Again, from 0 प्रा and EFC, we derive 

17115 : DI? ::EF?: EC 
from 13 and EFC, 1213 : 1 نظ : 1513 : : 5ن‎ 
whence, by adding the terms of the equal ratios, and observing that 
1 प्व 112, and DP+ICG => C#7=EO?, we have 

JH: ECs: : EF: EC 
or ل‎ पर=. Hence 13 فاح ة 11 1153-1 يك‎ 13-1 11: =EF?-DP+DHF 
But from EF Cand Ce are derived 

Cet: هن‎ : : EC? : EF 
from DIE and Coe, Ce? : C6?;; DE": DIF 





82 0 3 
whence جز‎ OP ana pee anil مادام ست‎ 
that = to say, 

2 5 1 
EF_pre [४ ~ इ न व्ण 2 ए. {73 tin arp?) ध 


हण. eq. tea 
But, as was shown above, 1 J?—E F* —D 12-1 8? =surd--iruit? 


Af ancl lt 


When declination is south, so that the sun crosses the circle of alti 
tude at DY, 1H’, the equivalent of D H, is to be subtracted from IJ, to 
give الآ‎ G’, the sine of altitude. 

The correctness of the Hindu formulas may likewise be briefly and 
1140 demonstrated by means of our modern methods, Thus, let 

PZS (Fig. 15) be a spherical triangle, ees 18. 4 
of which the points | 
= ead Ses 2+ the zenith, and 3, the | 
sin when upon the south- 
south-we yes. पामि vertical circles; 
oO + £5 the 











zemith-distance, or مع‎ and PS | 

the co-declination; and the angle 2 28 is 135°; the problem is, to find 
४, € sine of the complement 8, or of the sun's altitude. By spheri- 

Res ,نان ليطا ع‎ cos 8 1 يوخ‎ ZS cos ZP+sin ZS sin ZP cos 2. Di- 

viding by sin ZP, and observing that cos 5 P+-sin ZP=sin deel.—cos 

lat.—=sine of amplitude, we have sin ampl—sin alt. tan ووم م لها‎ alt. cos 


135°, If now, we represent sin ampl. by a, tan lat. by 8, cos 195° by 
क. BS 
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62, Is the sine of altitude (canku) of the southern intermediate 
directions (widic); and equally, whether the sun's: revolution 
take place to the south or to the north of the gnomon (व+) 
only, inthe latter case, the sine of altitude is that of the north- 
ern intermediate directions. 

23. The square root of the difference of the squares of that 
and of radius 1s styled the sine of zenith-distance (कट) Tf, then, 
the sine of zenith-distance and radius be multiplied respectively 
by twelve, and divided by the sine of altitude, ظ‎ 

wk, psi results are the shadow and hypothenuse at the angles 
(tona), under the given circumstances of time and place. . . - 


The method mr in this passage of finding, with a given declina- 
tion and latitude, the sine of the sun's altitude at the moment when he 
crosses the south-enst and south-west vertical circles, or when the shadow 
of thie त्या 1 thrown toward the angles (ona) ot the circumscribing 
aquare of the dinl, is, when stated algebraically, as follows: = 

[१ - فصن‎ ampl)xgo.* __ 
eq. ah. > gn. >€ sin anrpl, 
णग eq. ch. 


4/ word + fi a. 





= fruit. 





4८ surd حل‎ fruit® — fruit =sin alt,, declination being south. 


It is at once vert that a problem is here presented more 2 )11- 
لعتى‎ and difficult of solution than any with which we have heretofore 
had to do in the treatise. The commentary gives a demonstration of 
it, in which, for the first time, the notation and processes of the 
Hinda algebra are introduced, and with these we are not sufficiently 
familiar to be able to follow the course of the demonstration. The 
ae however, sieges solution without the aid of mathematical 

owledge of a higher character than has been displayed in the pro- 
cases already explained; by means, namely, of the consideration of 
right-angled triangles, situnted in the same plane, snd capable of being 
represented by a single figure, We give below such a solution, which, 
we are persuaded, भ in all its Fi ॥ 
main features with the process by अ 
which the formulas of the text wero | 
Greely حو ب‎ 

et ZEK be the south-castern 
circle of ising by the zenith, Z, 
to the horizon, K; let E be its in- 
tersection with the equator, and [> 
the position of the sun: and let 
(~ 0 represent the gnomon., 

Since ¢ is in the line of the equi- 
noctinl shadow (see above, ب؟‎ 7), 
and since be makes an angle of 45° 3 
with either axis of the dial, we 
have 5e7=2 .نم‎ sh.?, and {= 
C68 4-6 2ل قوع ح كن‎ eq. sh? 
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‘in the former proportion; and therefore 
BO:CH:: Cb» 
or sin deel. : sin lat.:;gnom.: hyp. pr. vert. shad. 
bit sin Int, : cos. lat. : : eq. shad. = एणाः, 
therefore, by combining terms, 
sin, १९६९]. : cos, Int. : : eq. shad. : hyp. pr. vert. shad 

and the reduction of the first and third of Ae proportions to the 
form of 4 gives the rules of the text 

The other method of finding the same quantity is an application of 
the principle demonstrated above, under verse 7 that, with a given dee 
lination, the measure of amplitude of any shadow is to that of any other 
shadow as the hypothenwse of the former to that of the latter Now 
when the sun is upon the prime. vertical, the shadow falls directly 
eastward or 9 9 and hence its extremity lies in the east 
and west axis of the dial, and its measure of amplitude is equal to 
the equinoctial shadow. The noon measure of amplitude is, accord- 
ingly, to the hypothenuse of the noon shadow as the © ninoctial shadow 

ह hypothonuse of the shadow cast wlien the sun is upon the prime 


¥ 


27.... If the sine of declination of a even time be multiplied 
radius and divided by the sine of co-latitude, the result is the 


multiplied b tbe 2109 thenuse of 
४1 oy ali gives the 


measure of amplitude (ard), 10 digits (angula 
The sino of the sun's amplitude is found—his declination and the 

latitude being known—by a comparison of the similar triangles ABC 

and C EH (Fig. 13), in which 

E:EC::BC:CA 

¦ sin. 






त amp. 

And the proportion upon which nde eee er ae 

17 that sai 32 إن مداع ولا‎ na ee ier toon I 
corresponding measure of amplitade—has been dlemon- 
strated under verse 7, above. 
_ 28. p= : LE from half the square of radius the square of the 
sine of amplitude (agrajyf) be subtracted, and the remainder 
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20... Multiply the gines of co-ls | of latitude re- 
سداد‎ by the equinoctial shadew and by twelve. 

26. And divid by the sine of declination: the results are the 
hypothenuse when the sun is on the prime vertical (samaman 
00}. When north declination is less than the la de. then 


the mid-lay hypothenuse (crava) 
27. Multiphed by the equinoctial shadow, and divided by the 
1 lay measure of amplitude (agri), 18 the 1170051161 पहि = = = 


ere we have two separate and independent methods of finding the 
hypothenuse of the east and west shadow cast by the sun at the moment 
when he is upon the prime vertical. In connection with the sesond of 
the two are state! the circumstances gnder which alone «transit of the 
ein Aeross the prime vertical will take place: if his declination is south 
wif, being north, it is greater than the latitude, his diurnal revolution 
will be wholly to the south, or wholly to the north, of that cirele 

The first method is illustrated by the following figures. Let VC" 
(Fig. 12) be an are of the पा ver- Fiv 12 
ticul, V being the point at which the ज 
धात ण it in his daily revolution: 
and jet C" be the centre: then VC 
i rads, and VC the sine of the 
sons altitnde; and, {6 being the 
(तोता), . 8 will be the shadow. and 
(rv tis hypothennse, But, by simi- 
larity of triangles, 

VC:Vc'::C's:C'r 

Ayain, m the other hyure (Fig 1381-0 which the eoneral relations 
are those of Fig, 8 3 । 
(p.232)—A 1) being 8 ig. 18. 
the projection of the 
eircioe of the sun's 
diurnal revolution, 
and the point at 
which it Crimea s the 
prime vertical being 


0 اعت رع‎ | in ध. 
VQ) is the sine of the 


sts cltitide at that 
10 Mat VCH 
and ECC 11 are simi- 
lar triangles, the an 
५. BV Cand CEH 
being cach equal to 
the lotrtnde: hence 
¥C:EC::BC:CH 

Aow the first of 
theese लवा b—siuce 





न्क i ¶ 1 ١ uP 1 
| > etl 1 ॥ bath 
[111 1111-1 |॥॥ 


J 


sine Wit Luce frst 
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ges ADC and CET (Fig. 13, مم‎ 254), which are similar, since the 
angles AC Band CEH are each equal to the latitade of the obscrver, 
Henee EH:EC::BC:AC hacker 
But the triangles CEH (Fig. 13) and Che (Fig. 11) are also similar; 
andl ea | PH :BO::C6:Ce 

Henee, ह त्रि of ratios, Ch; Ce:: BC: AC 
and AC, the sine of the sun's amplitude, equals B C—which is the sme 
of declination, being equal to I) F—mualtiplied by Ce, the equinoctial 
hypothenuae, and divided by C4, the gnomon, The remaining part of 
the process depends upon the principle which we have demonstrated 
above, under verse 7, that the measure of amplitude is to the hypothe- 
nuse of the shadow as the sine of amplitude to radius. 

Why the gnomon is in this Lae ve called the “gnomon-sine,” it ts 
not casy to discover. Verse 23 presents also a name for radius, madhya- 
karno, “half-diameter,” which is not found again; nor is Aerne often 
employed in the sense of “diameter” in this treatise. 


23, . , , The sum of the equinoctial shadow and the sun's 
measure of amplitude (aridigrd), when the sun is in the southern 
hemi क ia tho, Dave, north i 

24. When the sun is in the northern Pere सनः the base is 
found, if north, by subtracting the measure of amplitude from 
the equinoctial shadow; if south, by a contrary process = परताप 
ing to the direction of the interval between the end of the 
shadow and the east and west-axis, | 1 

25. The mid-day base is invariably the midday shadow... . 


We have already had occasion to notice, in connection with the first 
verses of this chapter, that the base (bhuja) of the shadow is its projcc- 
tion upon a north and south line, or the distance of its extremity from 
ee enst and west axis 9१२ dial, 1 is that a sobs more 
ve (under इ, 7), corresponds to and represents the perpendicular let 
fall from the sun , the plane of the prime vertical. Th us, if (Fiy. 
11, p. 250) K, L, by D be different positions of the sun—K and بآ‎ 
being conceived to be upon. the surface of the aphore = tee Horny erpendicu- 
lars KL, LB", D BY, DB" are. represented نا‎ क the dial by £4, 16, 
بذ “له‎ db, or, in Be . 9 (p. 241), by ‰ ५ 1९“ بذ اك‎ च 6. Of these, the two 
latter coincide with their respective shadows, the shadow cast at تالاه‎ 

jr 2 नीः na north and south line. The base of any 

dow may be ps ycombining its measure of amplitude (agré) 
with the equinoctial shadow. When the sun is in the southern hemis- 
مم‎ mat "لل‎ or K (Fig. 11), the measure of amplitude, "لمن‎ or ek, is to 
x od i eee the equinoctial shadow, 62, in order to give the base, 
bd’ or b& 1 on the contrary, the sun’s deelination be north, a ditfer- 
ent method of procedure will be necessary, according as he is north or 
south from the prime vertical, If he be south, as at D + the shadow, bal, 
will be thrown aa and عاسم‎ base: will तति धह me 
measure of amplitude, بعك‎ from equinoctial shadow, be: if he 
north, ns ‘at L, the extremity of the shadow, J, will be south from the 
cast and rae hee the axis, and the base, ६८ will be obtained by subtracting the 
squinoctial shadow, 6+, from the measure of amplitude, (र. 











252 ` क, Burgess, ربك‎ [iii. 20- 


‘This we teaches low; when the Intitude of the observer is 
sae venice en? e sun's declination, and his trae and mean longitodes, may be 
found by observi तलः نه‎ noon. The several parts of 
the process are ‘all of them the converse of processes previously given, 
and require no explanation, To find the sun's declination from his 
meridian zenith-listance and the latitude (reckoned as south, by v. ) ; 
the role given above, in verses 15 and 16, is inverted: the trae longitude 
is found) fromthe declination by the inversion of the method taught in 





ii, 26, necount being taken of the quadrant in which the sun 44 


secording to the principle of 130: and finally, the mean may be لفل‎ 
nved from the true longitude by a method of Gait approximation, 


applying in in reverse the equation of the centre, as calculated by ii 39, 


t ie y necessary to remark that مل كلتل‎ 7 very rough process for 
a अय stin’s longitude, and could give, espocinily in the hands 
of | ers, results only distantly approaching to necuracy. 

20. = = = The sum of the latitude of the place of observation 
and the sun's declination, if their direction is the Saine, or, in the 
contrary case, their difference, ^ > 3 | 

2 A the sun's meridian mr pe ل عاو ا‎ ध that 
find the base-sine (एवल) and the perpendicular “sine (धन). 
Tf, then, the base-sine and radius be multiplied 1 vy 
thé measure of the gnomon in digits, 

22. And divided by the perpendicular-sine, the results are the 
shadow and hypothenuse at mid-day. . . . 


The problem here is to determine the length of the shadow which 
will be cast at mid-day when the sun has د‎ ven declination, the latitude 
of the observer د‎ पत ako known. First, the stin’s meridian zonith -dis- 
ie; क by 9 'Process the converses of that tancht in verses 15 and 
16; च्छो, the corresponding sine and‘ cosine having been calculated, a 
odie 5 rae rtion gives the desired result This, let ns six ppose the stn 
tot ibe "تلام‎ (Fig. 11, क. 250 iE the sam of his south declination, ED’, 

i the north latitude, EZ, gives the zenith-distance, 213 + its sine 
(कषु तै) is DY Be, and its cosine (kotijyd) is CB. Then | 


r 


CB": BY! ع :: “زر‎ bd 
and | CB": CI¥!:Cb:Cd" 


which proportions, reduced to equations, give the value of Jd’ + the 
shindow, and Cd’, its hypothennuse. oa ‘ ش‎ 

22, ..« The sine of declination, multiplied by the. equinoctial 
4 and divided by the स (त), 

28. Gives, when farther multiplic ‘the प enuse of any 
given shadow, لاي‎ by radius (madhyakerna), the sun's 
measure of amplitude (कतत corresponding to that shadow. . . 

In this. passage we are tanght, the declination being known, how to 
find the measure of amplitude (agri) of 444 1१008 re IW? 
tory to determi ning, by the next follow Ing Tule, the ‘bis (ककर) of the 
shadow, by calculation instead of Measirement, The first step is to find 
the sine of the sun's smplitude: in onder to this, we compare the trian- 
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17. Is the sine of co-latitude. 4 


This passage applies to cases in which the sun is not upon the equator, 
but has a च भवाणव of which the amount Sa direction are 
known. Then, from the shadow cast at noon, may be derived his zenith 
distance when upon the meridian, and the latitude. Thus, supposing 
the sun, having north declination ED (Fig. 11), to be upon the meridian, 
at D: the ow of the gnomon will be 4d, and the proportion 

Cd:d6::CD: DB" 

IB" the sine of the sun’s zenith-listance, ZD, which is found‏ كال 

m it by the conversion of sine into arc by a rule previously given 
(ii. 33). ZD in this case being south, and E paing north, their sum, 

4, is the latitude: if, the declination being south, the sun were at [)/ 
the difference of ETY and ZI¥ would be EZ, the latitude. The figure 

ve un illustration of north zenith-distance, drawn for 
नि or eS where that is smpenevie. “i he latitude 
thos ascertained, hath find its sine and cosine: the only 

ich come ato b an is that, to find the co- 
fom the sine, resort sborions method of squares, 
d of taking from the table the sine of the complementary are, or 


९ sun's distance from the zenith when leis upon the meridian is 
لهم‎ | “deflected, eflecte 5 कः adjective etive belonging to the noun /iptds, “min- 

or 44.47, or 01044, angdés, “degrees.” ‘The same term is also employed, as 
vill be seen farther on (vv. 34-36), to designate the hour-angle. For 


4 ie: 
४.२४ 


stance off the meridian another term is used (see below, १, 33) 


+= 
17. , , , The sine of latitude, multiplied by twelve, and divi 
ded by the sine of co-latitude, gives the equinoctial shadow. 
(ie. 4 1101 a 
the value of the gnomon in digits being substituted m the rule forthe 
ghomon itself. 


The difference of the latitude of the place of observa- 
tion and the sun's meridian venith-distance in degrees (neta 
ni if their direction be the same, or their sum, 

1 their direction be different, is the sun's declination: if 
the sine of this latter be multiplied by radius and divided by the 
grea declination, the result, converted to arc, will be 

the sun's longitude, if he is in the quadrant commencin 


19. If in that commencing with Cancer, subtract from « half 
circle; if in that commencing with Libra, add a half-cirele; if in 
commencing with Capricorn, subtract from a circle: the re- 
sult, in each case, is the true. (sphufa) longitude of the san at 


mid-la 

this: if the equation of the: apsis (médnda phala) be 
repeatad! es with a contrary sign, the sun's mean longi 
tude will 
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known only by names formed by combining one of the words for 
shadow (chdyd, bid, prabhd), with जच), “equinox” (see above, 
under ४. 6}. In modern Hindu astronomy it is 13 called okshabhd, 
“shadow of Iatitude"—Ef'c, which determines the latitude—and pala- 
bid, of which, as used in this sense, the meaning = obscure. 


13... Radivs, multiplied respectively by gnomon and shadow 
and divided by the equinoctia! حل مه سنك‎ . 

14. Gives the sines of co-latitude (jaméa) and of latitude 
(aksha): the corresponding arcs are co-latitude and latitude, 
alwnys south, ... 


The proportions upon which these rules are founded are illustrated 
by the following figure (Fig. 11), in which, as in a previous figure (Fig. 
8, † 232}, 5 represents a quadrant of the meridian, 7 being the senith 
and 5 the south point, Fie 11 | 
C bemg the centre, , ae 
and EC the projec- 7 
tion of the plane of 
the equator, In order 
to illustrate the cor- 
responding relations 
of the dinl, we have | 
concerned the gno- 
mon, ( 6, to be placed 
at the centre, Then, 
when the sun is on 
the meridian and. in 
the equator, at E, the 
shadow cast, which is 
the دو‎ shad- 8 ١ . 
ow, is be, while Ce is the corres nding hy poth ا‎ | वाः 
larity of triangles, ponding oy potaen Bat, by sim 

Ce:be::CE:BE 
and Ce:C4::CE:CB 


and as BE isthe sine of EZ, which equals, the Intitude, and.C B the 
fine of ES, 118 complement, the redaction. of these proportions to the 






form. of equations gives the rules of the text. 

14... ७ The mid-da 1 81110170 W ई 1 hase 1 ( Ey * if - न्‌ radi 55 be 
multiplied by that, ag ye i a eh ae 

15. And the product divided by the correspondin 8 hypo pothe- 
0 the result, converted to arc, if the sun's zenith-distanee 
(nafa), in minutes: this, when the base is south, is north, and 
when the base is north, is south. Of the sun’s zenith-distance 
and his ee in mina 

16. Take the sum, when their direction is different—the dif- 
ference, when it is the same; the result is the latitude, in 
minutes. From this find the sine of latitude ; subtract its 
रः from the square of radius, and the sjuare-root of the re- 
mainder 
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have percetved that, if the precession were to be explained by a revoln- 
tion in an epi ee 10 rate of increase would not be eqnable, bot as the 
increment of the sine of the are in the epicyele traversed by the movn- 
Me point, farther varied by the varying distante at which it would 
secn from the centre in different of the revolution: and also that, 
the dimensions of the epicyele 108°, the amonnt of a oketees') 
would ‘never come to equal 27°, hot would, when greatest, fall short of 
18°, beng पलल by the radius of the ` तहर, Bentley's whole 
treatment of the passage shows-a thorongh misapprehension of its mean- 
“ing and relations: -he-even commits the blunder of understanding the 
first ‘half of verse 9 to refer to the motion of the eqninox, insteaul of to 
“that of the initial point of the sidcreal sphere. ` ` 


Among the Greek astronomers, Hipparelms is’ regarded as the first 1 





Who discovered ‘the precession of the’ eq ea, their’rate of motion, 
however, seems not to have been confidently determmed by him, 
nlthough he protounces it to be at any rate ‘not less than 36" year 
ora thorough discussion of the subject of the precession in Greek 
natronomy see Delambre's History of Ancient Astronomy, 1. 247, ete 
From the observations reported as the data whence Hipparchus made 
‘his discovery, Delambre deduces very nearly the ممما‎ rate of the preces- 
sion. Ptolemy, however, was so unfortunate as to adopt for the true 
| मः minimum, of #6" a-year: the subject is treated of by 
seventh book of the Syntasis. The actnal motion of the 
equinox at the present time is 50".26; its rate is slowly on tho increase, 
having been, at the epoch of the Greek astronomy, somewhat less than 
60". How the Hindus saceeeded in arriving at a determination of it so 
niuch more accurate than was made by the great Greek astrongmer, or 
whether it was anything more than a lueky hit on their ‘we will 
not attempt here to discuss. 
| term by which the precession is designated in this es 
ayondaca, “degrees of the ayana.” The latter word is employed in 
different’ senses: by derivation, it means simply > going, progress,” and 
it seems to have been first introduced into the astronomical lan to 
designate the half-revolutions of the sun, from solstice to १ : these 
being called respective! yee xiv. 0) the wttardyana and dakshindyana, 
northern progre: ern progress.” From this use the word 
ransferred to denote also the solstices themselves, as we have trans- 
[णत्व 7 तत the first half of verse 11: In the latter sense we conceive 
it to be employed in the compound although why the name 
of the should be. derived from the solstice 1८6 unable 
clearly to see.” The ‘term érdnfipitageti, “movemént of the node of 
declination,” which is éften mot with in modern works on Hindn astron- 
‘omy, does not oceur in thé Stirya-Siddhanta. 


12. ..... In like manner, the. equatorial shadow. which نهد‎ cast 
at mid-day at one’s place of observation 

13, Upon. the north and south line of the dial—that is the 
cquinoctial shadow (vishwatprabhd) of that place. 

The equinoctial shadow has been already snfficion 1.1 in 
connection with a preceding passage (above, v. 7). In 
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थ > tin the original composition of the Siddhints uo clearer explanation, 

md one more consistent in its method and language with those of the 

treatise generally, would not have been found forthe subject. We even 

discover evidences of more than one revision of the passage. The first 
of wh 





half of verse 9 so distinctly teaches, if read (0 ظ‎ at follows 
it, 8 complete revolution of the equinoxes, that, especially when taken in 


connection with Bhiskara’s statement, us cited above, it almost amounts 
to proof that the theory put forth in the Strya-Siddbinta was at one 

ime that of >, complete revolution. The same conclusion is not a little 
strengthened, farther, by the im possibili طخ لص‎ deducing from verse 9, 
the processes prescribed in the following verses, a true expres- 
९. fc direction of the movement at present: we can seo no reasou 
why, if aye Name posses sage caine from the same hand, at the same time, 
this difficulty should not have been avoided; while it is readily explain- 










able upon Bi etpponition jon that the libratory theory of ४६० 10 was 


added a5 an amendment to the theory of verse 9, while at the same 

There seems, accordingly, sufficient ground for suspecting that in the 
Sdrya-Siddhinta, as originally constituted, no account was taken of the 
pr precession jon; that its Sa ag ition is a later interpolation, and was made 
at first in the form of a the (४ complete revolution, nee ماله‎ 
altered to its present shape. Whether the statement of Bhiskara traly 


represents the earlier theory, as displayed in the Strya-Siddhinta of his 





“time, we must leave an undetermined question, ‘The very slow rate 


assigned by it to the movement of the equinox—ouly 9" a year—throws 
a doubt upon the matter: but it must be borne in mind that, so far 85 
we can sce, the actual amount of the precession since about A, D. 570 
(see above, under i. 27) might by that first theory have been distributed 
over the whole duration of the present Age, since B.C. 3102, 
__In his own astronomy, Bhaskara teaches the complete revolution 
of the equinoxes, ९५ the number of revolutions in an ممق‎ (of 
4,320,000,000 years) as 199,660; this makes the time of a single revo- 
lution to be 21,635.8073 years, and the yearly rate of precession 
5979007. It is not to be uP posed that he considered himself to have 
determined the rate with such exactness as would give precisely the odd 
number of ५४ revolutions to the Eon; the number doubtless 
stands in some relation which we do not ate resent comprehend to the 
other elements of his astronomical system. Bhiskara’s own commenta- 
toms, however, reject his theory, and hold to that of a libration, which 
has been and is altogether the prevailing doctrine thronghont India, and 
pst my न have made ita ay thence into reat sie ay Arabian, and even into the 
17 ropean astronomy (see Colebrooke, asmbove), 

ley, it may be remarked here, altogether denies (Hind, Ast. p. 
130, ete.) oye tt the libration of the equinoxes is taught in the 50749 
Siddhinta, ms “ 1 , with arrogant and unbecoming depreciation of 
those who venture Art old a different opinion, that its theory is that of 
a continous revolution in an epicyele, of which the circumference is 
equal to 108° of the zodiac. In truth, however. Bentley's own theory 
derives no color of support from the text of the SiddhAnta, and is besides 
in itself utterly untenable. It is not a little strange that he should not 


{ 


es 


looks the same way: as having to do with a revolution, as enteringginto 
the calculation of mean longitudes, it should have found a place w कीः 
‘matters are trated of inthe fist cb + and even in the second 
hapter, in n with the rule for fi न ing the declination, it world 
have been better introduced than it is here. Again, in the twelfth 
chapter, where the orbits of the heavenly bodies are ५ in terms 
dependent upon their times of revolution, such an orbit is assigned to 
the asteriams (४, 89) 25 implies s revolution once In sixty years: it is, 
indeed, very difficult to see what can have been intended by such a revo- 
lution as this; but if the doctrine respecti =, len the ا‎ of the 
asterism piven 1 had been in the mind of the 
author rar oe عبد‎ chapter, he would hardly have added another and 
a conflicting statement respecting the same or a kindred phenomenon. 
It appears to us even to admit of question whether the adoption by the | 





١ Hindus of the sidereal year as the unit of time does not imply a failure 


to recognize the fact that the equinox was variable. We should expect, 
at any rate, that if, at the outset, the ever-increasing discordance be- 
tween the solar and the sidereal year had been fully taken into account 
by them, hoe fen have more thoroughly established and defined the 
relations of the two, and made the precession a more conspicuous feature 
of their general system than they appear to huve done. In the con- 
struction of their cosmical periods they have reckoned by sidereal years 
only, at the same time ونع‎ 0 for instance, above, i. 13, 1. 
ic siderenl 1 composed + two ayanas, “ progresses” of the 
sim from solstice to solstice. The supposition of an after-correction 
likewise seems to furnish the most satisfactory explanation of the form 
given to the theory of the precession, The system having been first 
constructed on the assumption of the equality of the es ical and side- 
real years, when it began later to ooo , too plainly to be disregarded, 
that the equinox had changed its place, the question was how to intro- 
duce the new element, Now to assign to the equinox a complete revo- 
lution would derange the whole system, acknowledging > different num- 
ber of solar from sidereal years in the chronological periods; if, however, 
a libratory motion were assumed, the equilibrium would be maintained, 
since what the भूतेः ear lost in one part of the revolution of libration 
it would gain in another, and so the tropical and sidereal years would 
coincide, in number and in limits, in each great period. The cirenm- 
stance which determined the limit to be assi jos to the libration we 










as the commencement of the sidereal sphere for alt time (see‏ ددع 
obey £ पू. which account it was desirable to make the are‏ 
of libration inelade the beginning of Krttika‏ 
Hindu Besides theso considerations, drawn from the general history of the‏ 
Hindu astronomy, and the position of the element of the preteens in‏ 
the system of the still to‏ 


‘Str hAnia, we have still to € blind and 
pcoherent, as well as unosnal, form of statement of the مد‎ phenomenon, 
as fally exposed above. There is nothing to compare with it in this 
respect in any other part of the treatise, and we are unwilling to believe 
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* 
The question now arises, in which direction is the 
to be reckoned! And here ially is brought to light 
the awkwardness and क and even the inconsistency, of the 
pecans 38 taught in the text. Not have we no rule given which 
furnishes us the direction, along with amount, of the precessional 
moyement, but it would even be a 0 opis itimate deduction 
from verse ६ that that movement is taking plan at. the present. time in 
opposite direction from the actual one, have already remarked 
above that the last complete period of libratory revolution closed with 
the close of the Inst Brazen Age, and the process of calculation has 
that we are now in the third quarter.of a new period, and in the 
third quadrant.of the current revolution. Therefore, if the. revolution 











is. an castward one, as taught in the text, only a folded 
circle, so as to be is Thentoey, the ee pete dt ha ects 
४. ^ a ण 






lly is, twas probably on, account of this ynfortu- 
that no role with regard direction was 
the experimental ‘a 1 eae د‎ 
inoreover, Ia bot properly tary to ng: rules, 
af aera ning, from ation, both 
the direction and the amount of the precession, In verse 12, it may be 
remarked, in the word defy, “turning back,” is found the only distinct 
intimation to be discovered in the passage of the character of the motion 


We प already above (under i, 28( hinted our suspicions that the 
phenomenon of the precession was made. no account the 

: + ५५ of the Sirya-Siddbinta, and that the notice taken of it by 
treatise as it is at present is an afterthought: we will now proteed 

to ex pose the Rea of those suspicions, 

lace, upon record (see Colebrooke, As. Res. xii. 215 

५ hat some of the ecarlicet gs astronomer were 
ofant of, or ignored, the periodical motion of ninores; Brahma- 
8 imself is mentioned among thosa whose ee took no acconnt 









of it; it is, then, not at. all impossible that the Strya-SiddhAnta, if an 





ancient work, may originally have done the same. oy OBE positive 
evidences to effect, we would first direct attentio € significant 
fact that, if the verses at the head of this note were expunged, there 
would not be found, in the whole body of the ‘treatise besides, a single 
the precession... Now it is mot-a little difficult to suppose that a 
phenome ١ now of so moch eon: quence as this, and which enters as an 
element into 50 many astronomigal processes, should, had it been borne 
distinctly in th ing Of the treatise, have been hidden away 
thus ina pair of verses, and unacknowledged elsewhere—no hint being 
ven, in connection with any of the processes taught, as to whether 
»م‎ correction for precession is to be sree or not, and only the gen- 
eral directions contained in the latter of verse 10, and ending with 
an “etc.” being even here presented. much more the aspect of 







an after-thought, a correction at a date 


subsequent 
the original composition, and therefore inserted, with ordera to apply 
it wherever it is required.” The place where. the is introdaced 
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circumstance is one of less: significance, that the form in which the 
number of revolutions is stated, frinpathriyas, “ thirty twenties,” has-no 
parallel in the usage of this Siddhinta elsewhere. | be 
We may also mention in this sounection that Bhiskara, the great 
Hindu astronomer. of the twelfth century, declares in his Siddhanta- 
Ciromani (Goladh,, yi..17) that the revolutions of the equinox are aren 
by the Sirya-Siddhdnta كه‎ thirty in an Ae 4 see Colebrooke, As. ft 
xii. 208, etc.; Exsnys, ii, 374, ete, for a पि iscuasion of this passage 
and its bearings) 5 thus not only ignoring the theory of libration, but 
giving avery different number of revolutions from that presented by our 
text. As वनम this latter point, however, the change of a single letter 
in the modern reading (substituting trinpatkytoas, ^ thirty times,” for 
tringalketyas, pay twenties”) would make it accord with Bhiskara’s 
statement. We shall return again to this subject. | 
. The nomber of revolutions, of whatever kind they may.be, being 600 
in. an Aye, the position st any given time of the initial point of the 
sphere.with reference to the ee is found by Ap Jay jade ts ns follows 
as the number of days in an Age is to the numb f revolutions in the 
same period, so is the given “sum of days” (see above, under 1. 48-51) 
to the revolutions and parts of a revolution accomplished down to the 
given time, Thus, let us find, in illustration of the process, the amount 
of precession.on the first of January, 1860. Since the number of years 


elapsed before the beginning of the resent Iron Age (bali yuga) is di- 
visible by 7200, tt is unnecessary to make our calculation from the com- 


days since the current Age began, which is (see above, under i, 53) 
1,811,045. Hence the proportion | 
1,577,917 /8a84 : Goores : : 1,861,454 : orev 248° اد‎ Big | 

gives ux the portion uccom lished of the current revolution. Of this 
we are now directed (v- 10) to take the part which determines the sine 
(dos, or bhuja—for the origin and méaning of the phrase, see” above, 
under ii, 29, dn This direction determines the chiracter of the motion 
as libratory. For a motion of 91°, 92°, 99°, ete, gives, by it, a preces 
sion of 89°, 88°, 87°, ete.; so that the movable point virtoally returns 
2 own track, and, after moving 180°, has reverted to its starting- 
place. So its farther motion, from 180° to 270°, gives a precession -in- 
creasing from عن‎ to 90° in the opposite direction; and this, mgain, is 
reduced to 0° by the motion from 270° to 9805. It is as if the second 
and third quadrants were folded over upon the first and fourth, so that 
the movable point can never, 7 age nadrant of its motion, be more 
than 90° distant from the fixed eqifffox.* Thos, inthe instance taken, 
the bhuja of 248° 20 80.9 is its su pp! ement, or 68° २“ 8.9; ‘the first 
180° having only bronght the movab point back to its original posi- 
tion, its present distance from that position is the excess over 180° 
of the arc obtained as the result of the first process. But this distance 
We are now farther directed to multiply by three and divide by ten: 
this is equivalent to reduci ४; it to the measure of an arc of 27°, instead 
of 90°, 35 the quadrant of libration, since 8 : 19 :: 27 : 90. This being 
done, we find the actual distance of the initial point of the sphere from 
the equinox onthe first of January, 1860, to be 20° 24° 28677 
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tle thus corrected, rds with its observed 

lace at the solstice and at either equinox; it has moved 
when the de of the sun, as obtained by calon- 


lation, is less’ than that derived from the shadow. 

the number of degrees of the difference; then, turning 
back, ए टल्ली by the amount of difference, when 
the calculated longitude is preater 


Nothing could well be more awkward and confnsed than this mode of 
stating the 5 fact of the precession of the equinoxes, of de- 
scribing it od and rate, and of directing how its’ amount st any 
fime is to be found. The theory which the passage, in its present form, 
is जयथ intended dnd forth is as follows: the vernal equinox librates 
and eastw m the fixed point, near (ए Piscium, assumed as 

the commencement of the sidereal hee 4 s—the limits of the libratory 
movement being 27° in either direction that point, and the time 
complete revolution of libration being the six-hundredth part of 

the period called the Great Age (see above, under i, 15-17), or 7200 
years; 55 that the annual rate of motion of the equinox is 54". We 



















Will examine with some care the language in which this theory is con- 


we ed, as important results are believed to be deducible from it, 

The first half of verse 0 professes to teach the fondamental fact of the 
motion in precession. The words tidndm cokram, which we have ren- 
dered “circle of the asterisms,” i. بغ‎ the fixed zodiac, would admit of 
being translated “circle of the signs,” i.e, the movable zodiac, as 
feckoned from the actnal equinox, since bha is used in this treatise in 
either sense. But our interpretation is shown to be the correct one by 





‘the directions given in verses 11 and 12, which teach that when the دس‎ 


longitude—which is his distance from the initial point of the 
fixed sphere—is less than that derived from the shadow by the process 
to be taught below (vv. 17-19)—which is his distance from the equinox 
—the circle has moved eastward, and the contrary: it is evident, then, 
that the initial point of the sphere is regarded as the movable point, 
and the equinox as the fixed one. Now this is no جك[‎ न i than in- 
consistent with the usage of the rest of the treatise. Elsewhere ट Pis- 
cium. is treated as the one established limit, from which all motion com 
menced at the creation, and by reference to which all motion is reckoned, 
while here it is made secondary to م‎ point of which the position among 
the stars is constantly shifting, and which hardly bas higher value than 
a node, as which the Hindu astronomy in general treats it (see .م‎ 230) 
The word used to express the motion (lambate) is the same with that 
employed in a former passage (i. 25) to describe the eastward motion of 
the planets, and derivatives of which (as lamba, lambana, ote. | not 
frequent in the astronomical language ; it means literally to “lag, hang 
back, fall behind :" here we bave it farther combined with the prefix 
pari, “about, round about,” which seems plainly to add the idea of a 
complete revolution in the retrograde direction indicated by it, and we 
have translated the line accordingly. This verse, then, contains no hint 
ofa libratory movement, but rather the distinct statement of a contin- 
nous castward revolution. It should be noticed. farther, although the 
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measure of न्ग any given shadow will be to that of any other, 
as the hypothenuse of the to that of the 

The let Lyre bape paloma mia ER ع‎ nd, as nearly as 
may be, with that of the one preced and also with that of the one 

ven Jater, under verses 13 and 14, in either of which the relations of 

2 ise may be farther examin 

ere are other methods of proving tite constancy of the ratio borne 

by the measure of amplitude to the hypothennse of the shadow, but-we 
have chosen to give the one which seemed to ns most likely to be that 
by which the Hindos themselves deduced it. Our demonstration ts In 
one respect only linble- to ल सप as representing a Hindu process— 
it is founded, namely, عر‎ comparison of oblique-angled trang! 
which elsewhere. in this treatise are hardly employed at all, Still, 
althongh the Hindus had no methods of solving problems -excepting 
in_right-angled trigonometry hardly to be su that they re- 
frained from deriving prope from the similarity of oblique-angled 
triangles, The (५५ ein question admits of being proved 


‘Why the line on the dial which thus measures the sun's 
called the agrd, wo have been unable thus far to discover 






















feminine adje Deroy! 

literally meana “extre chief.” ye Arter rd 
Ey or EG ig 5 28): ण्‌ he ie of 
tude itself, aC or A (५४. 27-30) agrajyd. 





8. The square root of the sum of the squares of the gaom 

and shadow is the hypothenuse: if from the square of the latter 
the square of the on be subtracted, the square root of the 
remainder is the the gnomon is found by the converse 








This ly an teation of the familiar rule, that im a mght- 
angled triangle the es of the hypothenuse is. equal to the mig 
the squares of the other two sides, to the gua produced by 

omon as د لي‎ alar, the shadow as. base, e hypothenuse of 
shadow, the drawn from the top of the gnomon to the extrem- 

ity of the shadow, as hypothenuse 
The subject noxt considered is that of the precession of the equinoxes. 


9. In ee (yuga), the circle of the asterisms (ha) falls 
back eastward thirty score of revolutions. Of the result ob- 
tained after पा the sum of days (a ga uganda ) by this num- 
ber, and dividing by the number of natural days in an A 

10. Take the एः which determines. the sine, mu Itiply ly it by 
three, and divide by ten; thus are found Ben degrees those 
of the (६ }. From the longitude of a planet as 

these are to be calculated the declination, shadow 
ascensional difference (caradala),.¢tc. 
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line of the equinoctial shadow, or de, "أن‎ ९ Fe’, fe", ऋत respectively, is 
denominated the agrd of that shadow or of that time. 

The term ogré we have translated “measure of amplitude,” because 
it does in fact represent the sine of the sun's amplitade—understanding 
by “amplitude” the distance of the sun-at rising or setting from the 
east or west point of the horizon—vurying with the hese of the 
shadow, and always maintaining to that hypothenuse the fixed ratio of 
the sine of amplitude to radius. That this كز‎ so, is assumed by the sha 
in ita treatment of the ogrd, but is nowhere distinctly stated, nor 35 the 
commentator at the pains of demonstrating the princi 8 fe how- 
ever, it is not an immediately obvious one, we will take the liberty of 
giving the proof of it. ١ | 

In the annexed figure (Fig. 10) let C represent the top of the gnomon, 
apd let K be auy given position of the sun 17 the heavens. From & 
draw K EF wt right angles to the plane of the prime vertias), mmevting that 


Fig. 19. 





plane im FY, ancl let the 1 tse of ita intersection with the plane of the 
equator be in EF. Join RC, EY ©, and PC, Then KC is radius, and 
ER is “4 nal to the sine of the sun's amplitude: for if, in the sun's 
daily revolution, the point K is brought to t he horizon, £ B* will disap- 
pear, K E'C will become a right angle, K CE‘ will be the amplitude, 
and पि 1 ite sine; but, with a given declination, the value of FE’ K re- 
mains niways the same, since it is a line drawn in a constant direction 
between two parallel planes, that of the circle of declination and that of 
the equator. Now conceive the three lines intersecting in © to be pro- 
duced nutil they meet the plane of the dial in 07, र, and & respectively ; 
these three points will be in the same straight line, being in the line of 
intersection with the horizon of the plane K B'C produced, and this 
line, ^ ل‎ will be at right angles to BH, since it is the line of intersec- 
tion of two planes, each of which is xt right angles to the plane of the 
prime vertical, in which 8“ 1“ lies, KB’ and &/ are therefore 1 arallel, 
and the triangles © 197 K and Ce’ & are similar, ande k:Ck:: EK: CK, 
Bat C2 is the hypothennse of the shadow at the given time, and كذ لك‎ 
the egrd, or measure of amplitude, since € by what was said above, is 
in the line of the equinoctial shadow; therefore meas, ampl.: hyp. 
shad.::sin ampl,:R. Hence, if the declination and the latitu de, which 
together determine the sine of amplitude, be given, the measure of 
amplitude will vary with the ‘hypothenuse of the shadow, and the 


+ 
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7, Draw likewise an cast and west line through the extremity 
of the equinoctial shadow (vishuvaddid); the interval between 
any given shadow and the line of 1 shadow 13 de- 
nominated the measure of amplitude (agra). 


The equinoctial shadow is defined im a subsequent passage (vv. 12, 
13) ; it is, as we have already had occasion to notice (under ut, 61-63), 
the shadow cast at mid-day when the sun is at either equinox—that is 
to say, when he is in the plane of the equator. Now as the equator छ 
॥ circle of diurnal revolution, the line of intersection of its plane with 
that of the horizon will be an east and west line; and since it is also ها‎ 
great circle, that line will pass through the centre, the place at the ob- 
server: if therefore, we draw through the extremity of the equinoctial 
shadow a line parallel to the east and west axis of the dial, it, will repre- 
sent the intersection with the dial of an equinoctial plane passing 
through the topof the gnomon, and in it will terminate the linea drawn 
through that point from any point in the plane of the equator; and 
hence, it will also coincide with the path of the extremity of the shadow 
on the day of the + uinox, Thus, let the following figure (Fig. 9) rep- 
reacnt the plane of the dial, >+ 5 and EW bemg its two axes, and 6 the 
base of the guomon: and let the shadow cast at noon when the sun ts 
upon the equator be, 
in a given latitude, Lt. Bie 
be: then 6¢ ts the 
equinoctial shadow, 
od Qt)’, drawn 
through م‎ and paral- 
tel to EW, i the 
path of the equinoc- 
tinl shadow, being 
the line in which a 
ray of the sun, from 
any point inthe plane 
of the equator, pass- 
mg through the top 
of the gnomon, will 7 
meet the face of the 
dial, In the figure 
a8 given, the circle 
is supposed to be desoribed about the base of the gnomon with a radms 
of forty digita, and the graduation of the eastern and western sides of 
the circumscribing square, used in measuring the base (0०) of the 
shadow, is indicated: the length given to the equinoctial shadow corre- 
sponds to that which it has in the latitude of Washington. 

It is not, however, on account of the coincidence of QQ’ with the 
path of the equincctial shadow that it is directed to be permanently 
drawn upon the dial-face: its use is to determine for any given shadow 
its agrd, or measure of amplitude. Thus, let bd, ९५५९६ 64, 6m, be 
shadows cast by the gnomon, under various conditions of time and dec- 
lination; then the distance from the extremity of each of them to the 
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described about the general centre, or about a circle drawn; about that 

centre, the eastern and western sides of which are divided into digits; 

its use is, to aid in ascertaining the “ base” (Ahuja) of any given ¢ 
which is the value of the latter when projected upon a north and south 

line (see below, vv. 23-25); the square is drawn, us explained by the 
commentary, in order to insure the correctness of the projection, by a 

dine strictly parallel to the امك‎ and west line 

he ‘eh (Fig. 9) given below, under verse 7, will illustrate the form‏ ع 


of the escribed in od org ندا‎ 
^ The term used for “ gnomon is anku, which means simply “ staff.” 
For the shadow, we have the common word chdyd, “shadow,” and also, 


in many places, prabhd and 666, which properly signify the rery oppo- 

namely “light, radiance it is difficalt to see how they‏ وري 
in this sense; so far aa we are aware, they are‏ لعفن should come to be‏ 
applied to no other shadow than that of the gnomon.‏ 


। 6. The east and west line is called the prime vertical (sama- 
mandala); it is likewise denominated the east and west hoor 
circle (unmandala) and the equinoctial circle (vishuvenmandala) 


The line drawn east and west through the base of the enomon may 
























be régurded as the line of common intersection at int of three 
लाका circles, as being a diameter to each of the three, ie thus enti- 
tepresent, then all, circles are the ones which in the Inst 






रतत | 6, p. 232) are حو ايه‎ gene jected in their diameters 22, PP’, 
and EE’: च i سابع‎ which the diameters intersect, is itself the 
1 Le eee nestio poate cr ا‎ , 2 2/ represents the prime verti- 
ا‎ 11 व ich कु ध 18 a 
n, passes through the cast ; 
0 horizon; itis called لطا مده‎ “up-cir- 
tircle which in the oblique sphere is elevated 
\ the equator, tor, has the name of pizhueanmandala, or vishuvad- 
rita, “circle of the ie egsioatin! pints thensclre 
being denominated oats os | sy reat mas oe sine riskuod, Which may be rendered © poi 
(+ बुधा, بتاع‎ 7 moe of the dial might be regarded as 
fourth cirele, that of the borizon 
te 1 “in 819 hence the commentary adds 
hie other cat reds 1. ادم‎ क्‌ hecanse it ia 
nted by the whole circle drawn about the base of the gnomon, 
and not by this diameter alone 
The specifications of ‘this verse, expecially of the latter half of it, are 
of little practical importance in the “treatise, for there hardly mrises 9 
ense, in any of its £ ivalasioua: ta which the east and weet axis of the 
dial cétnes to be taken as standidg for these circles, or any one of them 
In craig the hase Ona) of the shadow, indeed, it does = resent the 


¢ prime vertical (see below, under vv. 23-25) this is 
“pat ५१ stated, and च्ल عنسقط‎ of the prime vertical (samamendala) 
तलत in only one other (below, ए, 26): the enst and west hour- 


circle (wrmondala) is nowhere referred el in: and the equator, as 
will “be seen under the next verse, is pro represented on the dial, 
* ‘not by its east and west axis, but by the of the equinoetial sladow 
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‘1. On a’stony surface, made water-level, or — hard plaster 
11118 


made level, there draw an even circle, of a radius equal to any 
भ number of the digits (angula) of the gnomon (canku). 

2, Atits centre set up the gnomon, of twelve digits Ne the 
measure fixed upon; and where the extremity 1 its shadow 
touches the circle in the former and after parts of the day, 

3. There fixing two points upon the circle, and calling them, 
the forenoon and afternoon points, draw midway between them, 
by means of a fish-figure (m7), a north and south line. 

4. Midway between the north and south directions draw, by 
4 fish-figure, an east and west line: and in like manner also, by 
fish-figures (matsya) between the four cardinal directions, draw 
the intermediate directions. 

5, Draw a circumscribing square, by means of the lines goin 
out from the centre; by th € digits of its base-line (bhujastéra) 
projected upon that is any given shadow reckoned. 


In this passage is described the method of construction of the Hinda 
dial, if that can prope perl Like be called a dial which is without hour-lines, 
and does अ fate etime by simple inspection. It is, as will be at 
onee remarked, ॐ horizontal dial of the simplest character, with a verti- 
cal gnomon. This gnomon, whatever 3 be the length chosen for it, 
ذا‎ regarded +. into पणर equa 1९ called digits (angula, 
“finger”). The ordinary digit is one twelfth of o span (wifasti), or one 
twenty-fourth of a cubit (Aasfa): if made according Py eater this measure, 
then, the gnomon would be about nine inches long. ess the first 
gnomons were of such a length, and the rules of the gnomonic science 
were constructed accordingly, “twelve” and “the gnomon” being used, 
as they are used everywhere in thia trostise, as convertible terms: thus 
twelve digits became the unvarying conventional length of the staff, and 
all measurements of the shadow and its hype thenuse were made to cor- 
respond. ow the digit was subdivided, we have nowhere any hint. 
In determining the directions, the same method was =F 0 el ५१ ich is 
still in use ; sages , that of marking the points at which the extremity 
of the shadow, before and after noon, crosses a circle described about 
the base of the gnomon; these points being, if we suppose the sun's 
declination to have remained the same during the interval, at an equal 
distance upon either side from the meridian line, In order to bisect the 
line joining these poi ap another at right angles i it, which will be 
the meridian, the Hinds draw the figure which is called here the “ fish” 
(१०५३५ or tim?); that is to say, from the two extremities of the line in 
question as centres, and with a radius equal to the line itaelf, arcs of 
circles are described, cutting one another in two points, The Jenticular 
figure formed by the two arcs is the “fish ”ب‎ मो the points of 
intersection, which are called (in the commentary) the “mouth” and 
^ tail," a line is drawn, which is the one required. The meridian being 
thus determined, the east and west line, and those for the intermediate 
points of directions, are laid down from it, by a repetition i ic of the same 
process. A square (cafwrasra, “having four corners”) is then farther 
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Most of these names are 9; obscure: the last three mean “ hawk,” 
“serpent,” and “quadruped.” arena itself is, ذا‎ by derivation, “ factor, 
efitse :” in what sense न: lied to denote these divisions of the 
month, we do not know. Nor have we found anywhere an explanation 
of the value and use of the karanas in Hindu ا‎ or astrology, 

The time which we have had in view in our other calculations bein 5 
is shown under the precedi ng passage, in the first half of the cigh rit! 
lunar day, is, of course, in the tiftecnth karana, which is named Vishti 

The remaining half-verse is simply a winding-up of the chapter. 

, 99. .... Thus has been declared the corrected (sphufa) mo- 
tion of the sun and the other planets. 





८ ड امش حرم‎ क to the commentary, this means that it 
is inte ५.९ the teacher as a re y to his pupil's inquiries respecting 
the three subjects of dlirection (di), place (depa), and time (दव). 


‘The ४34 chapter is styled the * chapter of the three inquiries” 





CHAPTER 111 * 


OF DIRECTION, PLACE, AND TIME. 


Costasts:—1-6, construction of the dial, and description of its parts: 7, the 


measure of amplitude; 8, of the gnomon, hypothenuse, and shadow, any two 
being given, to find the third; 12, precession of the equinoxea; 12-13, the 
equinoctial shadow; 13-14, to find, from the equinoctial shadow, the latitude and 
oolatituda; 14-17, the sun's declination being known, to find, from » given 
thadow at noor, his senith-dustance, the latitude, and its sine and cosine; 17, lati- 
tude being given, to find the equinoctial shadow; 17-20, to find, from the lati 
tode and the sun's senith-distance ut noon, his declination and his true and mean 
longitude; 20-22, latitude and declination being given, to find the noon-ahadow 
to find the measure of | amplitude; 22-25, to find, from the equinoctial shadow 
and the measure of amplitude at any given time, the base of the shadow; 25-27, 
to find the hypothenuse of the ehadow when the sun is upon the prime vertical 
27-25, the sun's declination and the latitude being given, to find the sine and the 
measure of amplitude ; 25-23, to find the sines of the altitude and renith-dietance 


of the von, when upon the south-east and south-west vertical circles: $394. to 
find the corresponding shadow and bypothenuse; 24-24, the sun's asceneional dif. 
ference and the hour-angle being given, to find the sines of his altitude and zenith. 
distance, and the corresponding shadow and hypothenuse ; 27-29. to find, by a 

“contrary process, from the shadow of ३ given time, the sun's altitude and renith: 
distance, and the hour-angle ; 40-41, the latitude and the sun's amplitude being 

“known, to find his declination and true longitude; 41-42, to draw the path de- 
scribed by the extremity of the shadow; 42-45, to find the ares of right and 
oblique ascension corresponding to the sereral signe of the ecliptic; 44-48, the 
mun's longitude and the time being known, to find the point of the ecliptic which 
is upon the horizon; 49, the sun's longitude and the hour-angle being known, to 
fied the point of the ecliptic which is upon the meridian; 50-81, determination 
of time by means of these data | 
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to 12°, or 720, which arc, عد‎ stated in verse 64, is its portion (ميمقط)‎ 
To find the current lunar day, we divide by this amount the whole ex- 
eess of the longitude of the moon over that of the san at the given 
time; and to find the part past and to come of the current day, we con- 
vert longitude into time in a manner analogous to that employed in the 
case of the १०१. | 

Thus, to find the date in lunar time of the midnight preceding the 
first of January, 1860, we first deduct the longitude of the sun from that 
of the moon; the remainder is 2* 29° 24", or 5904': dividing by 720, 
it appears that the current lunar day is the eighth, and that 324° of its 
portion are traversed, leaving 206’ to be traversed. Multiplying these 
numbers respectively by 60, and dividing by 675’ 38”, the difference of 
the daily motions at the time, we find that 289 46° 2° have passed since 
the beginning of the lunar day, and that it still has 35° 107 8? to run, 

The lonar days have, for the most part, no distinctive, names, but 
those of each half month (pakska—see above, under i. 48-51) are 
called first, second, third, fourth, ote. up to fourteenth. © The last, or 
fifteenth, of each half has, however, a special appellation: that which 
concludes the first, the light half, ending at the moment of opposition, 
1 ee led pdwrnamdési, pirnimd, pirnamd, “day of full moon;” that 
closes the month, and ends with the conjunction of the two 
١ جاع كان‎ is styled amdrdeyd, “the ae of dwelling together.” 
Each lunar day is farther divided into two halves, called karana, as 
appears from the next following passage. 


67. The fixed (diruva) karanas, न 0. cakuni, niiga, cotush- 
pada the third, and mein na, are counted from the latter half 
of the fourteenth day of the dark half-month. 

68. After these, the karanas called movable (cara), namely 
bava, ete., seven of them: each of these karanas occurs eight 
times in a month. 

69. Half the portion (hoya) of a lunar day is established as 
that of the karanas.... 

Of the eleven Acranas, four occur ध ` तलह in the Ionar month, 
while the other seven are repeated each of them cight times ما‎ fill out 
the remainder of the month. Their names, and 5 e numbers of the 
half lunar days to which each is applied, are presented below : 


4. Kinstughna, = rat. 







Joth, 37th, 44th, ee‏ ,30د Bara and, oth, 16th,‏ بد 
उ. Balava. अप्‌, roth, 17th, ath, Jrst, 3th, 45th, `‏ 
Haulava. 4th, 1100, 18th, 25th, Jond, उक्र, 46th, Sind.‏ .4 
Tiitila, Sth, 1th, roth, 26th, 33rd, foth, doth, 54th.‏ 5 
Econ: Gth, 13th, 2oth, 27th, 34th, dunt, 48th, 55th.‏ 
Bagij. qth, adih, atet, 28th, 35th, 4and, doth, 50th.‏ ,+ 

$ Qakuni 49५४. 

16. Naga. 1. 

tt. (मन हत. 
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fring the yoga foreach day, with the time of its termination, The 





names of the twenty-seven yoras are as follows: ॐ 
नि; 7. 9 १०. Ganda. , गः Parighe 
Pit, , । 11. पपषपम ~^ 

13. [काणक ,ره‎ छापा 
3. (क्वनि 23, Sadhyn 
14. Harshapn. 23. Cubha. 
15. एथ, च 34. Cukla. 
3 16. Siddhi  ' ,كد‎ Brahman, 
| # تابط‎ yy 17. ४ कन. >6. Tnira. 
eh 0 |, 18, Variyas, 37. Valdhyti. 


There is also in use in Indin (see ع ا‎ monn) another 
ystem of yogus, twenty-eight in number, having for the most part 
different from باه‎ governed by other rules in their succes- 
مودق‎ Of this system the Sirya-Siddhdnta presents no trace. 





= We will find the time in yogas corresponding to that for which the 
“previous calculations have been made. . a 
‘The longitude of the moon at that time is 11" 77° 39%, that of the 
‘ann is 8? 18° 15': their sum is 85 5° 54, or 14,754". ا‎ by 800, 
we find that eighteen yogns of the series are past, and that the current 
one is the nineesanth, “Pacioha, of which 354’ are past, and 446° to 
come, To ascertain the time at which the current yoga began ‘and that 
at which it is to end, we divide. these parts respectively by 7084, the 
sum of the daily motions of the sun and moon at the given time, and 
multiply by 60 to reduce the results to nidis: and we find that Paorigha 
0 +; in 26" 36* before, and will end 335 30° 4? after वकः iven time, 
The name yoga, by which this astrological period is called, is applied 


١ + + appere rently, as designati the period during which the-“sum”™ 
(yoga) of the increments in longitade of the sun and moon amounts to a 






ध iven quantity. It seems an entirely arbitrary device of the astrologers, 
eing neither 8 natural period nor a subdivision of one, not being of 
any use that we can discover in determining the relative position, or 
सर of the two plancts with which it deals, nor ry १ a sicnable 
relation to the asteriams, with which it is attempted to be brought into 
connection, Were there thirty yogas,.insteal of twenty-seven, the 
TH थ an artificial counterpart to the lunar day, which is 
the subject of the next verse; being derived from the sum, as the other 
from the difference, of the longitudes of the sun and moon, 


66. From the number of minutes in the longitude of the moon 
diminished OF that of the sun are found the lunar days (प्प), 
क. ‘the difference by the portion (موماة)‎ of 8 lunar day 
Multiply the mmutes en and to come of the current lunar day 
by sixty, and ‘divide by the difference of the daily motions of 

two plancts: the result is the time in nadis,‏ مد 

The tthi, or lunar wd is (see i. 13) one thirtieth of a lunar month, 
or of the time during which the moon gains in longitade upon the sun 
a whole revolution, or 360°; it is, therefore, the period during which 
the difference of the increment of longitude of the two plancts amounts 


1 = | anh = va no न्मते pee 6 hod ^ रा # ~ | af" 
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constantly varying amount by which the 9 : pare day and night differ 
from the equatorial te day and night of one half the whole day each. The 
gnomon, the equinoctial shadow, ete., are treated of in the next chapter. 


64. The म (bhoga) 38 asterism (hia) is eight hundred 
minutes; of a lonar day (४) in like manner, seven hundred 
and twenty. If the longitude of a planet, in minutes, be divided 
the portion of an د‎ | ao the result is its position in aster- 
isms: by means of the dmly motion are found the days, etc. 

The ecliptic is divided (see ch. viii) into 27 lunar mansions or aster- 
isma, of equal amount; hence the portion of the ecliptic occupied by 
each asterism is 19° 200, or 800, In order to find, accordingly, in 
which asterism, at on riven time, the moon or any other of the planets 
is, we have only to reduce its longitude, not corrected by the ५ recession, 
to minutes, and divide by 800: the quotient is the number of asteristns 
traversed, and the remainder the ee # traversed of the asterism in which 
the planet is, Tho last clanse of the verse is very elliptical and obscure ; 
according to कः it is to be understood thus: divide by the 
planet's true daily motion the part past and the part to come of the 
current asterism, and the quotients are the days and fractions of a day 
which the planet has passed, and is to pass, in that asterism. ‘This 15- 
terpretation is supported by the analogy of the following verses, and is 
doubtless correct. | is 

The true longitude of the moon was found above (under .؟‎ 39) to be 
11° 17°30 or 20,850". Dividing by 800, we find that, at the given 
time, the moon is in the 27th, or Inst, asterism, named Revatl, of which 
it has traversed 59, and bas 741’ still to pass over. Ita daily motion 
being 737’, it has spent 28" 40, and has yet to continue 14 05 19" a, in 


16 asterism. 

The latter part of this process 4 pecans cada upon the assumption that the 
planet's rate of motion remains th | 1 its whole? continuance 
in the asterism, A similar assumption, it will be noticed, is made in all 
the processes from verse 59 onward; its inaccuracy is greatest, of course, 
where the moon's motion is concerned. | 

Respecting the lunar day (८14) sce below, under verse 65. 

65. From the number of minutes in the stm of the longitudes 
of the sun and moon are found the yooas, by dividing that sum 
by the ८.1; ortion (भ ga) of an osteriam. Multiply the minutes 
eal त to come of the current yoga by sixty, and divide by 

(0 of the daily motions of the twe planets: the result is 

What the yoga ix, is evident from this rule for finding it; it is the 


period, of variable length, during which the joint motion in longitude of 


the sin and moon amounts to 18° 20’, the portion of a lunar mansion. 
ee to Colebrooke (As. Res, ix. ae ; Exsays, 11. 562, 363), the 
ए 0.0 ५८८ | apse y astrological; the occurrence of certain mova- 
ble festivals is, however, also regulated by them, and they aro so fre- 
quently employed that every Hindu almanac contains a colamn speci- 








here by a triangle of which a ع‎ omon of twelve digits is the perpen- 
य aT uinoctial shadow, cast when the sun is in the equator 
and onthe meridian (see the noxt chee ter, verse 7, etc.), is the base 
Hence the proportion EH: HC::BC:AB is equivalent—since BC 
equals DF, the sine of declination—to gnom.:eq, shad.::sin deel. : 
4 the are of which AT is sine is the same Bask t of the 
cirele of diurnal revolution as the ascensional difference is of the equa- 
tor; hence the reduction of A B to the dimensions of meine reat circle, by 
the proportion BD: AB::CE: CG, gives the value of CG, the sine 
of the ascensional difference, The corresponding arc is the measure in 
time of the amount by which the part of the diurnal circle intercepted 
between the meridian and the horizon differs from a quadrant, or by 


which the time between sun-rise or sun-set and noon or midnight differs 
00 eae day. क 
In illustration ع‎ process, we will calculate مكتاعمر عو جحت‎ lenath 
of the son's day لمم‎ night at Washington at the time for which our 
previous calculations have been made. a? 
` वह latitude of 1 being 385 54’, the कहौ of the equi- 
nectial shadow cast there by a gnomon twelve oy bog long is found, by 
| ते below (iti, 17), to be 04.68, The sine, dF or (1, of the 
sun's jon at the given time, 23° 41'5, is 1980’, Hence the 
proportion तः 

21113 مقة: : : 98 15 2 


es ives us the value of the earth-sine, a4, as 1113’. This is reduced to 
‘the dimensions of a great circle by the proportion 
, 48ر3‎ : 345 +: 21113 115 
The value of Cy, the sine of aseensional difference, is therefore 1216" : 
the corresponding arc is 20° 44, or 1244), which, as a minate of arc 
equals a respiration of time, ia equivalent to 3° 27" 2. The total 
length of the day was found above (onder 5, 60) to be 605 117+ in- 
crease and diminish the quarter of this by the ascensional difference, 
and double the sam and remainder, and the length of the night is found 
to be 37" 0" 15, and that of the dey 23" 10" 6, which are equivalent 
iy pas Ma 145 45 $69.0 and ذو‎ 14— 489.0, mean solar time, 








Of course, the respective parts of a sidereal opal daring vine pach 
of the [पाका mansiona, هه‎ represented by its principal star, will in 


above and below the horizon of a grep latitude, may be found in the 
same manner, if the declination of the star is known; and this is stated 
in the ry (ch. viii) which treats of the astorisms. 

4 per च ذا‎ called क्त is not easy to see. One ig tempted 
to understand the term as meaning rather “sine of situation” than 
* earth-sine,” nt original signification of वा being “nbode, resi- 
dence": it might then indicate a sine which, fora given declination, 
varies with the sitnation of the observer, But that (ञव in this com- 


pound is to be taken in its other acceptation, of “earth,” is at least 


strongly 0 by the other and more usual name of the sine in 
question, 0 kes + Which 19 used by the त्ता, although not im the 
text, and which can only mean“ earth-sine.” The word cara, used to 
denote the ascensional difference, means simply “ variable"; we have 
elvewhere carakhanda, caradala, “variable portion” ; that ia to say, the 
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then it is evident that BD is 5 yual to EC diminished by EF, which is 
the versed.sine of ED, the declination. . ` ms 

For“ radins” we have hitherto had only the term érijyé (or ite equiv- 
alcnts, trijind, tribhajivd, tribhojyd, tribhamdurvikd), literally “the sin 
Of १ " that is, of 90°, That term, however, is applicable only 





| radius of a great cirele, or to tabular radius, In this verse, 
accordingly, we have for = day-radius.” the word dinarydsodala, 4 half- 
diameter of the day ;" and other expressions synonymous with this are 
found used instead of it in other passages. A more frequent name for 
the same quantity in modern Hindu astronomy i dywjyd, “ day-sine 2” 
this, although employed by the commentary, is not found anywhere in 
our text, 

a matter. for surprise that we do not find the day-radins, declared‏ عا الى 
equal simply to, the cosine (kotijyd) of declination,‏ 

“In illustration of the rule, it will be sufficient to find the radius of the 
diurnal circle described by the sun at the time for which his place has 
been determined. His declination, Ed (Fig. 8( was found to be 29° 41': 
of this the versed sine, EF, is, by the table given above. (i. 22-27), 
290" ; the difference between this and radins, EC, or 3488 , is 3146, 
which ia the walue of CF or 6d, the day-radims, The declination. in 
this ease being south, the day-radias-is also south of the equator. 


61. Multi ply. the sine of declination by the क 
ite ب مسي‎ by radia mele 8 the‘earthinitie (0) 
tis, multiplied by radius amd divided by the @ay-tadiis, gives 
the sine of the ascensional difference (cara); =the प्रणया, 9 
réspirations dé to the ascehsional differende ` 

- 62, Ts shown by the عي‎ Add these to, and 


subtract them from, the fourth ‘part of the corresponding day 
remainder are, when deelination كا‎ 






























and night, and the sum and remainder aro, 
: 63. When deol क ot the reverse; ke gh 
1 عنم ,هس‎ the day and the mgot, न ‘day and 






he terisma (dha) ण 8 fount ॐ li 
heiideclination, incred 5 ए ५ 38 

_ We were taught in verso 80 hos 
of a planet at any given! tine; this passage gives 
ascertaining the length of its day-and-of its might, 
day during which the p 1 tis above, am ring 
tha horizon. || क 
“In order to this, itis ان‎ # asoe 
its ascensio nt differen (conn), or the d 
i ah [1 ५६6; th 35 = गात 3 
oblique व 0 वि 
the planet and the ملساننها‎ न th ५५} oh nsere 
is stated in verse 01: it may انا‎ > ee plait 
(Fig. 5 First, the vali of tht ا‎ 
sine” (0119), is fo | फ tay 
i 8 1 
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CHE, which are. sim ‘fae ० 


nal to the latitude of th 
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manner of this SiddhAnta, or from transit to transit actoss the inferior 
meridian, differs from a sidereal day: the difference is additive when the 
motion of the planet is direct; subtractive, when this is retrograde, 

Thus, to find the length of the sun's day, or the interval between ذخا‎ 
(11 ~ 111. apparent transits, at the time for which hia true longitude and 
rate of motion have already been tscertained. ‘The sun's longitude, as 
corrected by the precession, is 0" 8? 40°: he js accordingly in the tenth 
sign, of which the time of rising (wdaydeavas), or the equivalent in right 
ascension, is 1035". His rate of daily motion in longitude ts @1/ 26". 
Hence the proportion 

roo": 19357; : 517 3677 = GF ng 

shows that his day differs from the true sidereal day by 11" 0704. As 
his motion is direct, the difference is additive: the length of the appar- 
ent day is therefore 60" 117 0?,04, which is equivalent to 245 0 28 بكر‎ 
mean solar time, According to the Nautical Almanac, it id 245 سن‎ 20१0. 
By a sitmlar process, the length of Jupiter's day at the same time ia 
found to be 59° 587 4, or 234 هوق‎ 308.8: by thd Nauticdl Almandé’ it 
iW 235 55० 310. 


60. Calculate the.sine and versed sine of declination: then 
radius, diminished by the vetsed-dine; is the day-radius: it ig 
عقنلا‎ south or nofth. 


The quantities made use of, and the processes prescribed; In this and 
the following verses, may be explaified and ifdetrited by mean of the 
annéted figure (Fi 1 8). 

et the circle 25 2Z'N fepresént the nieridian of a piven plaice, © 

Fig. & | beitig the contre, the 

। place 2,8.11... 

SN the déction of the 
plane of bis horizon— 
=© being the south, and 
N the north point—Z 
aml 2 the zenith and 
ifs opposite point 
the nadir, P and 1 
the north and south 
poles, and E and 17 
the points on the me- 
ridian cut by the 
equator, Let ED be 
the declination of a 
planct atagiven time: 
then DD’ will be the 
diameter of the circle 
of diurnal revolution 
described . by, the 
planet, and BD the 
radius of that circle 0 
ل‎ 
in verse 60 is calléd the “day-radivs.” Draw DF perpendienlar to EC: 








१.59] Strya-Siddhanta 281 


as obtained by modern science. The comparison is made in the annexed 
tnble. As the longitudes given by the Strya-Siddhinta contain a con- 
stant error of 2° 20/, owing to the incorrect rate of precession adopted 
hy the treatise, and the false position thence assigned to the ५१६ पण, We 
yo, under the head of longitude, the distance of each planet both from 
€ Hindu equinox, and from the true vernal equinox of Jan. 1, 1860, 
The Hindu daily motions are reduced from longitude to right ascension 
by the rule given in the next pune verse (v, 50). The modern data 
are taken from the American Naatical Almanac. | 


True Placer and Motiona of the Planets, Jan. 1st, 1860, midmight, at 
Washington, according to the Strya-Siddhdnta and to Modern Science. 
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٠ | Mars, 8 14.338.) + 31 58 | + 46 19 
Jupiter, 3 1 34 ॐ 2 त.| ~ 8 a3 |=, 8.57 
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The proper subject of the second chapter, the determination of the 

true places of the planets, م‎ Bae brought to a close, we should ex- 

pect to see the chapter conc here, and the other matters which it 

contains put off to that which follows, in which they would seem more 

se to belong. ‘The treatise, however, is nowhere distinguished for 
jordérly and consistent arrangement. 


59, Multiply the daily motion of a planet by the time of 
rising of the sign in wich il is, and divide by eighte hteen han: 
dred; the quotient add to, or subtract from, the number of respi- 
rations in a revolution: the result is the number of respirations 
in the day and night of that planet. 


In the first half of this verse is taught the method of finding the in- 
erement or decrement of right mscension corresponding to the increment 
or decrement of longitude made by any planet during one day. Por the 
“time of rising” (udayaprénds, or, more commonly, wdaydsavas, liter- 
ally “respirations of rising”) of the different signs, or the time in Tespi- 
rations (ee hers 11), occupied by the snccessive signs of the ecliptic in 
passing the meridian—or, at the equator, in rising above the horizon— 
see verses 42-44 of the नव ep . ‘The statement upon which the 
(each minute of are corresponding, as rem 0५८५६. d above, under i, 11-12, 
to a respiration of sidereal Re ore the stated number of respira- 
tions in نوت‎ the ooeridias; number of respirations will be ocen 
bee arc traversed by the ay anet on a given fay! 5 The result 
‘the amount by which the day of each planet, reckoned in the 


= ॥ चे 
= न 
> च فيا‎ nj 
काः ॐ: 










ध. 
ऋ 
‘ का ॐ > نع > = ا أذ مويه الواحم كو‎ 











200 [ii 58— 

The s distance from the node being determined, its latitude 
would be found by a process similar to thnt prescribed in verse 28 of 
this chapter, if the earth were at the centre of motion; and that rule is 
accordingly applied in the case of the moon; the proportion being, a 
radius is to the sine of the distance from the node, so is the sine 


treme latitude (or the latitude itself, the difference between the sine and 
the arc being of little account when the arc is so small) to the latitude 
al the given point. In the case of the otMer planets, however, this pro- 
aber on is modified by combination with another, namely: as the last 
riable ‘hypotenuse (cola korna), which is the line drawn from. the 
earth to the finally determined place of the planet, or its true distance, 
is to radius, its mean distance, so is its a त latitude at the mean 
distance to its apparent latitude at its true distance. That is, with 
Pes sin nod. dist,:: extreme lat. : actual lat. at dist. R 
comb var. hyp R : اما‎ at dist. R: كلها‎ at true dist. 
wehave var. hyp ‘sin nod.dist.:+ extreme Int. : actnal Int. nt troe dist, 
which, turned into ore by vation, is the role in the latter half of ४, 5 
The latitude, as thus ‘and, is measured, of course, upon a secondary 
tothe ecliptic. By the rule in verse 58, however, it is treated as if 
measored upon & circle of declination, and is, without moditication, 
added to of subtracted from the, declination, according as the direction 
of the two is the same. or different, The commentary {akes note of this 
as _in—other similar cases, as being, “for fear_of 
pas en trouble, and on. account of the very slight inaccuracy, over- 
um moved with compassion,” - 
We (अक्क in tha annexed tabla the results of the processes عم‎ calcu- 
lating the declination, and the troe doclination aa affectod 
it Aces latitude, of all, the panels at the time for which their longitade has 
ready been found. declination is calculated by the a in verse 
28 of this chapter, precession at the given time being, as found 
tinder verses 0-12 of the next ¢hapter, 20° 24°30" Upon the line for 
the sun in the-table are given the results of the process for calculating 
declination; the:equinox itself being accounted a4 a “node™: it is;in 
m modern पाकवत्‌ astronomy, £rdatipdia, “node of deelina- 













fact, 
tion,” although that term does not oceur in this treatise, 
Results of the Process for Rede عار‎ Latitude and Declination of the 
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५ त now compare the Hinde determinations of the tme 
places and motions Si ihe platots 9 عرست جا‎ okies 





As nearly as the Hindos are ae: to find it, the true heliocentric 
the planet, the distance from which to the node determines, of 
بع‎ em t + lag from the gules insist however, of 
ون‎ directly, rejecting altogether the fourth equation, 

tangs rallax of the earth's eg the Hindos apply the Intter कै. 
+ both to the planet and to the node; their relative position thus remains 
e same a3 if the other method had been adopted. 

Thus, for instance, ५ the position of Jupiter's node upon the first of 
January, 1860, is found from the data already ‘Biven above (sce i. 41-44) 
to be 24 19° 40'; his true heliocentric longitude, employed asa datam in 
the fourth ree (see .م‎ 216), is 3* 1° 6'; Jupiter's heliocentric dis- 
tance froin the node js, accordingly, 11° 26'. Or, by the Hindu method, 
the planet's مم‎ geocentric place is 85 4° 11', and the corrected longi- 
tude of its node is 25 22° 45’; the distance remains, as before, 11° 26". 

- In the ease of the inferior planets, us the assumptions of the Hindus 
respecting them were farther removed from the truth of natnre, so thejr 
method of finding the distance from the node ia more arbitrary and less 
accurate. In their system the heliocentric position of the planet is rep- 
resented by the place of its conjunction (¢igAra), and they had, as is 
shown above (see 7. 8), न ४ yenized the fact that it was the distance of 
the latter from the node which determined the amount of deviation from 
the ecliptic. Now, in ascertaining the heliocentric distance of an infe- 
rior planet from its node, allowance needs to be made, of course, for the 
effect upon its position of the eccentricity of its orbit. But the Hindu 
equation of the शु is is no true representative of this effect: it is caleu- 
lated in order to be applied to the mean place of the sun, the assumed 
centre of the epicycle—that is, of the true orbit; its value, as found, ts 
geocentric, and, as appears by tho table on p, 220, is widely diferent 
from its heliocentric value; and its sign 18 ok ونا‎ OF Mints according AS 
its influence is to carry the planet, as ern om the earth, eastward or 
westward: while, in either case, the true heliocentric effect may be at 
one time to bring th جم‎ the pres nearer to, at another time to carry it farther 
from, the node. The Hindus, however, overlooking these م اي‎ ities, 
and baying, apparently, no distinct views of the 31 ect to guide them 
to a correcter method, follow with regard to Venus and Mercury what 
seems to them the same rule as was employed in athe ease of the other 
planete—they apply the equation of the apsis, the result of the third 
process, to the mean place of the conjunction; only here, as before, by 
an indirect Lema instead of applying it to the conjunction itself, they 
apply it with a contrary sign to the node, the effect upon the relative 
position of the two being the same. 

Thos, for instance, the longitude of Mercury’s conjunction at the ! 
given time is (see 0 4" 16 O87; from this subtract 2° 2’, the equa- 8 
tion of the apsis found by the third process, and its equated longt | 
is 4» 14° 551: now deducting the longitude of the node at the same 

time, which is 20° 41’, we ascertain geo ue net’s distance from the node : 
to be d* 24° 14. Or, by the Hindu method, add the same equation to | 
tbo mean porition ‘of ts. node, and 49 longitude ans 49 | 
on biract this from the mean longitade of the conjunction, and the كال‎ 
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ce their correctness upon gate?‏ 1 ا ا 
,429 0 دسا وب دي Which have Basa heady‏ 
The last verse’ of the passage adds little to what had been already‏ 
sud, heme merely 3 repetition, in other and less 0 ise terma, of the‏ 
specifications ‘of the preceding verse, together with the assertion ‘of a‏ 
elation between the limits of retrogradation and the dimensions of the‏ 
‘respective epicreles; a relation which is only empirical, and which, as‏ 
regards Venus sind Mars, does not quite hold good. ner १10‏ 
To the nodes of Mars, Saturn, and Jupiter, ope equation‏ ,50„ 
of the conjunction is to be applied, as to the planets themselves‏ 
respectively; to those of Mercury and Venus, the equation of‏ 
the apis, as found by the third a in the contrary direction‏ 
The sine of the are found by subtracting the pace of the‏ .67 | 
node from that of the planet—or, in the case of Venus and‏ 
multiplied by the‏ م و مدا مار Merenry, from ee of‏ 
extreme latitude, and divided by the last hypothenuse—or, in‏ 
the case of the moon, by raditis—gives the latitude Soe be pry.‏ 
When latitude and declination (apakrama) are of like‏ .58 
direction, the declination (krinti) is increased by the latitude:‏ 
when of different direction, it is diminished by it, to find the‏ 
_true (spasfita) declination: that of the sun remains as already‏ 
determined. : 1.‏ 
प्रकर to find the declination of a planct at any given point in’ the‏ ` ` 
‘ecliptic, or circle of declination (Ardativrila), was ta 0 tus in verse 8‏ 
“above, taken ‘in connection with verses 9 and 10 of the next शी (© :‏ 
here we have stated the method of finding the actual declination of any‏ 












planet, as modified by its deviation in latitude from thé ecliptic. 
“The process by which the ‘amount of a planet's deviation in Intitade 
from the ecliptic is hore directed to be found is more correct than might 
have been expected, considering how far the Hindos were from compre- 
“Hending the true relations of the solar system. The three ‘quantitics 
‘employed as data in the process are, first, the angular distance of the 
< frie from jts node; second, the apparent valuc, as latitude, of its 
sat removal from the ecliptic, when seen fron’ the earth at a mean 
“distauice, equal’ 15 the radios of its mean orbit; and lastly, its actual 
distance from the’eairth, Of these qnantities, the second is stated for 
each planet in the conelnding verses of the’ first rite es of; the third js 
correctly represented by the varinble hypothenuse علم)‎ Larna) found in 
‘the’ fourth end for determining the veer? troe place (see above, 
tes a 01 Sr क to be | : tained, and verse 56 with the 
“first part 0 of verse 67 teach the method ५. it. The princi- 
c ok 4 ; method i the same for all the planets, though 0 
‘ment of it ts + different} ‘it is, in स्त, to apply to the mean place of 
‘the’ pl teats Debye ip its distance from the node, only the equation 
५ he भारः found as ४ result of the third process “In the case of 
“the ‘superior planets, this: method has all the correctness which the 
Hindu system admits; for by the first three ‘processes of correction 3 
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The first verse gives the theory of the physical cause of the phenome- 
non: it is to be 4 with the opening verses of the chapter, 
particolariy verse 2. We note here, agai, the entire disavowal of the 
sean of (र ieycles a9 a representation of the actual movements of the 
planets. How the slnckness of the cords by which each planet is 
attached to, and attracted by „ the supernatural being: at its conjanetion, 


furnishes an explanation of its retrogradation which should commend, 


itself as satisfactory eae mind even of one who believed in the super- 
natural being and the cords, we find it very hard to see, in spite of the 
explanation of the commentary: it might have been better ما‎ omit 
verse 52-altogether, and to suffer the phenomenon to rest upon the 
simple and intelligible explanation given at the end of the preceding 
verse, which is a true statement of its cause, expressed in terms of the 
अ The actual reason of the apparent retrogradution is, 
indeed, different in the case of the inferior and of the superior planets, 
As regards the former, when they are षः the inferior Pe rtion of 
their orbits, or are nearly between the sun and the earth, their helio- 
centric eastward motion becomes, of د‎ ‘seen from the earth, 
westward, or retrograde; by the parallax of the earth's motion in the 
same direction this apparent retrogradation is diminished, both pesos 
and jn. continuance, but is not prevented, because the motion of the 
inferior poets is more rapid than that of the earth. The retro (६५ ne 
tion of the superior. planets, onthe other hand, is due to, the parallax of 
the earth's: motion in the same direction when. between them and the 
enn, and is lessened by their dwn. motion in their orbits, althongli not 
done away with altogether, bocanse their motion is less rapid than that 
of the earth. But, m the Hindu system, the revolution of the planet 1४ 
1. in the مده‎ case the proper 
motion of the, planet, in the other, that of the earth, reversed; hence, 
whenever its apparent amount, in a contrary direction, exceeds that of 
the movement of the centre of the epic 9 is, 9 the one case, 
that of the earth, in the other, that of the planct itself—retrogradatioa 
is the necessary consequence, | , سه‎ | 

Verses 53-55 contain a statement of the limits within which retro- 
gradation takes place. The data of verse 53 belong to the different 
planets in the order, Mars, Meroury, Jupiter, Venus, and ‘Satura (eee 
above, inder i. 61, 52}. That is to say, Mercury retrogrades, when bis 
equated commutution, as made use of in the fourth pees for finding 
his true place (see above, ander ¥v. 43-45), is more than 144° nod fers 
than 216%: Venns, when her commutation, in like manner, is between 
163° and 197°: Mars, between 184° and 106°; Jupiter, between 130° 
and) 230°: Saturn, between 115° and 2457, ‘These limits 1. 1411 rot, 
however, even according to the theory of this Siddliinta, 19 be [४१५ 
down with such exactness; for the precise point at which ae (न 
ومتافة وها‎ of motion forthe conjunction 111 exceed the proper पछ 
ot the planet must depend, in part, upon the at rate'nt the latter 
as affected by its eccentricity, and must accordirgly differ a er 
different times. We have not thought it worth while to calenlate fe 
amount of this variation, nor to draw تنوه‎ comparsan cot shia this 
with the Greek and the modern determinations of the limits of ret 


=a كنا‎ 








The final abandonment by'the Hindus of the principle of equable cir- 
cular motion, which lies at the foundation of the whole system of eccen- 
trice and न cles, is, a8 already pointed out above (under vv. 43-45}, 
distinetly exhibited 0 this process: m'm (Fig. 7), the are in the epi- 
cycle traversed by the planet during a given interval of time, is no fixed 
and equal quantity, bat is dependent upon the arc ४५, M, the valoe of 
woh Dee ¦ عو رسا‎ wtion by the result of triply complicated 
poor is altogether irregafir and variable. ‘This iecessarily follows 
from the assumption of simultaneous and mutual action on the part of 
the beings at the apsis and con) unetion, and the consequent impossibility 
of constricting # a igle connected geometrical figure which shall repre- 
sant the joint effect of the two disturbing inflnences, ८ the Ptolemaic 
method the principle is consistently preserved : re xed axis of the 
épicycle (see Fig, 0, p. 217), to the revolution of which that of the 
epicyelo itself is bound, is PX; and as the nog le 2 PT, likes XA", 
inereases equably, the planet traverses the cirenmicrence of the epicycle 
with an ER motion relative to the fixed point 25 (४ bh the 
द derived, not from the are कण, but from ९१, the equiv ent of 
17, its part ex varying with the varying angle EPX. 


‘In case the reverse motion of the planet upon the half-circumference 
of the epieycle within the mean orbit is, when projected upon the orbit, 
greater than the direct motion of the centre of the epicycle, the planet 
will appear to move backward in its orbit, ata rate equal to the excess 
of the former over the latter motion. ‘This is, as the last table shows, 
the case with Jupiter and Saturn at the given time. The subject of the 

vadation of the planets is continued and completed in the next 
following passaye. 

59: When at a great distance from its conjunction (eightocea), 
9 planet, having its substance drawn to the left and right by 
slack cords, comes then to have a retrograde motion. | 
68. Mars and the rest, when their degrees of commutation 
(kendra), in the fourth process, are, res pated one hundred 
and sixty-four, one hundred and forty-four, one hundred and 
thirty, one hundred and sixty-three, one hundred and fifteen, 

54. Become retrograde (vakrin): and when their respective 
commutations are equal to the number of degrees remaining 

after subtracting those numbers, in each several case, from a 
whole circle, they cease retrogradation. 7 | 

65. In accordance with the greatness of their epicycles of the 
conjunction (gighraparulia), Venus and: Mara cease retrograding 
in the seventh gign, Jupiter and Mercury in the eighth, Satarn | 
in the moth. | 

. 


The subject of the stations and retrogradations of the planets is 
rather briefly and summarily disposed of in this pnssage, although 
treated with as कापट) fullness, perhaps, as is consistent with the general 
method of the Siddhanta. Ptolemy devotes to it the greater part of 
the twelfth book of the Syntaxia, | Ge 
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ii. 51] SOrya-Sidithanta. 


In illustration of the rule, we will caleulnte the true rate of daily 
motion of the planet Mars, at the same tine for which the previous 
UP hes hare cs ay i ا‎ 5 5 

| process alrendy illustra under the preceding passage, the 
equation of Mars'’s daily motion for the effect of the apsis, as Evel from. 
the data of the third process 4 heat ascertaining his true place, is found to 
be و‎ = erence of tabular sines Being 131, “Accordingly, 

| = aa 311 26"" 
> ةك‎ 


a7 5 
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। 31-3 

| प used in the last process for finding the trud 
its above radids is 546’, The proportion 
5 अ: 5462231" 23": 4 18" 

षठ of motion due eee édnjunction at the 








ty 418", pied te hypothennse id greater thé taditis— 

| one i pl ‘th ae whith the influence 

inétiod if dévéletitive—th | & ddilitive, Therefore, 
add the equatioa for the conjunction, 4 18 
Murs's true duily motion at the given time, 0 ॐ 3 


In this calculation wd have followed the rule stated in the text: had 
we accepted the amendment of the commentary, and, in finding the 
rtion, substituted for radius the cosine of 


becoming 8° 51%, of 4' 16"; this Bappening & to be a case where 
the difference is nearly as great as possible, We have deemed it best, 
however, in making out the १ results for all the five planets, 
as presented in the annexed table, to adhere to the directions of the 
text itself. The inaccuracy, it may be observed, is greatest when the 
équation of motion is least, and the contrary; 40 that, although some- 
times very large relatively to the equation, it never comes to be of any 
great importance absolutely. 

Results of the Processes for finding the True Daily Motion of the Planets. 








224 E., Burgess, ९९, [४. 51. 


As in a previous وبحي‎ (Fig..5, P 212), CM M' represents the mean 
orbit of a planet, E the earth, and M the planet's mean position, at > 
given time, relative to its conjunction, نا‎ : the circle described about M 
is the epicyelo of the conjunction: it is drawn, in the figure, of the 
relative dimensions of that assumed 
for Mars, Suppose M’M to be the سبي‎ Pig. 1. 
amount of motion of the centre of = - 
the ne be or the (equated) mean 
synotical motion of the planet, 
during one day; m/m is the are of 
the epicycle traversed by the planct 
in the same time. As the amount 
of daily synodical motion is inevery | 
case small, these arcs are necessarily 


ere tly का rated in the figure, 
ing made about twenty-four times | 


too great for Mars. Had the planet | 
remained stationary in the epicycle | 
at "م‎ while the centre of the ep- 
cycle moved from M' to. M, its place 
at the given time would be at 4; 
having moved to m, it seen at f: wer Ta , 
hence 9 १ is the equation of daily motion, of which it is required to 
ascertain the value, Produce Em’ to 11+ ग Em equal to, Em, and 
join min; from M draw Mo at right angles to Em. Then, since the arc 
mim’ is: very small, the angles Eman and*Eam, ‘os also Mmm’ and 
ऋ m, may be regarded as right angles; 3 क o-and wm! are there- 
fore equal, each being the com य+ 27 and tho triangles 
mam’ and Mmo are similar. Hence | 






Mmimo:t: mo’: mn 


But. EM:Mm::MM': mm’ 
Hence, by combining terms, EM: mo::MM':ms 
But | ta: Et:: mani Em 


therefore, since EM equals Et, (क १ 
“by agai combining, eb Faia een Ne 


and, reducing the proportion to an equation, és, the required equation 
of motion, equals MM’, the equated mean synodieal motion ina day, 
multiplied by mo, and divided by Em, the variable hypothenuse. Thus, 
however, ia pot precisely the rule given above; for in the text of this 
Siddhinta, m4 the difference between the variable hypothenuse and 
radius, ts substituted for mo, as if the two were virtual: ए equivalent: a 
highly inaccurate assumption, since they differ from one another by the 
versed sine, of, of the equation of the conjunction, ,ال‎ which equation 
ig sometimes as mach as 40°: and indeed, the commentary, contrary to 
its usual habit of obsequiousness to the inspired text with which it has 
to deal, rejects कद assuinption, and says, without even an apology for 
the liberty it @ taking, that by the word “radius” im verse 50 is to be 
understood the cosine {नम्‌ ya) of the second equation of the conjunction. 
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ii, 51.) 1 | 228 
Moon's mean daily mation (i 36), 90! 35"! 
deduct daily motion of apais (i 23), 6 at 6 41 

Moon's mean anomalistic motion, 503 54 
From the process of calculation of the moon's true place, given above, 
we take 

Moon's mean enomaly, 16 18° 46" 15" 
From the table of sines (ii. 15-27), we find 

Corresponding difference of tabular sines, na’ 
Hence the proportion 


345 : 7 तवः : : 783. ६47 : Gob" 13" 

shows the increase of the sine of anomaly in a day at this point to be 
606/13". The dimensions of tho epicycle wera found to be 31° 47“. 
Hence the proportion 
560" 319 dy’ 22606" 137: 53! 3177 

give us the desired equation of motion, as 53’ 31". By verse 49 it is 
subtractive, the planet being less than a quadrant from the apasis, or its 
from the =) : ८ 1 ل‎ — 





subtract the equation, 53 31 


The ronghness of the process is well illustrated by this examp 


| | ple. 
Had the sine of anomaly been but 2" greater, the aid crence of sines 


would have been 10/ less, and the equation only about 50’ 
The + د جور‎ of the sun's motion, لمتمامعلوء‎ in ه‎ similar manner, is 
found to be +-2' 18", and his true motion 61“ 26”. 


The corrected rate of motion of the other planets will be given under 


the next following: passage. 

50. Subtract the daily motion 6 a planet, thus corrected for 
the apsis न from the daily motion of its विण 
(4५०. then multiply the remain i by the difference between 

1 00 hy thenuse and radius, عسو‎ Wloka 

51. divide by the variable hypothenuse (cala karna): 
result is additive to the daily motion when the hypothenuse is 
greater than radius, and subtractive when this is es if, when 
subtractive, the equation is greater than thé daily motion, deduct 
the Intter from it, and the remainder is the daily motion in a 
Tetrograde (vatra) direction. | ء‎ 

The commentary gives no demonstration of the rule by which we are 
here tanght to calculate the variation of the rate of motion of a planet 
ocessioned by the action of its conjunction: the follow ay aad ae figure, how- 


ever (Fig. 7), will illusteate the principle upon which it is foune 
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Only the effect of the apsis upon the daily rate of motion is treated 
of in these verses; the farther modification of it by the conjunction is 
e the subject bet those which sneceed. 
١ Verse 47 is a separate specification under the ee rule given in 
: the following verse, spplying to the moon alone. ` The rate-of a planet's 
1 motion in its epicycle bemg equal to its mean motion from the apsis, oF 
its मजः malistic motion, it is necessary in the case of the moon, whose 
भ sis has a perceptible forward movement, to subtract the daily amount 
this movement from that of the planet in order to obtain the daily 
rate of removal from the اهمه‎ ey 15-21 الل‎ mee le eda تعره تلاو‎ 
: In the first half of verse 48 the.commentary sees only an intimation 
| that, as regards the apsis, the equation of motion is found in the ऋका 
general method as the equations of place, a certain factor being multi- 
plied १ the circumference of the epieye le and divided by that of the 
: orbit.) Such adirection, however, woald:be altogether trifling and super- 
fidous, and: not at all im necordance with the usual compressed style of 
the treatise; and moreover, were it to be so understood, we should lack 
i any direction as to which of the several ल्व ॐ पिप for a planet in the 
process for ascertaining its true place should be assumed aa that for 
which this first equation of motion is to be calculated, The true mean- 
ing of the line, beyond all reasonable question, is, that the. equation ia 
to be derived from the same data from which the equation of place for 
the apsis was finally obtained, to be applied to the planet's mean posi- 
tion, as this is applied to its mean motion; from the data; namely, of 
the third process, as giren above, 
The principle upon which the rule is founded may be explained | 
3 follows. The equation of motion cot طلا‎ any given time is evidently equal 
1 ما‎ the amount of acceleration or of retardation effected during that time 
ho gop rege epee the apsis, Thus, in Pig: ॐ (p. 208), mau, the sine of 
am, is the equation of motion for the whole time daring which the 
eentre of the pg ae has been: traversing the arc AM. If that arc, 
: and the arc a’ supposed to be divided into any number of equal 
1 © portions, each: ¢qual هنما‎ day's motion, the equation of motion for each 
’ ive day will be equal to the successive increments of the sines of 
५ pcre ng arcs 7 the epeycle; and these will be equal to the suc- e 
ssire increments from ‘ap a day of the sines of mean anomaly, re- 
चरत्‌ to the dimensions of the epicycle. But the rate at which the 


a + 














sine 15 Increasing or decreasing at any point in the quadrant is approxi- 
4 mately measured by the difference of the tabular sines at that Poet: 


: and as the ares of niean daily motion are generally quite small—being, 
except: in the case of the moon, much leas पु 3° 45; the unit of the 
وو للها‎ १ y form this proportion: if, at the point in the orbit موعن‎ 

ri petty, the planet, a difference of 3° 45! in arc produces an increase or 

decrense.of a-given amount in sine, what increase or decrease of sine 

+ will be produced Ay a difference of are equal to the planet's daily 
motion a or, 225 : diff, of tab. sines : : planet's daily motion : correspond- 
ing diff. of sine. The reduction of the result of this proportion to the 

7 dimensions of the epieycle gives the equation sought. 

We will calculate ९५ this method the true daily motion of the moon 
at the time for which her true longitude has been found abovo. 
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वि 1 وين مودي‎ 
or of the difference betwoen mean and apparent solar time, which is due 
to the difference between the sun's mean and true places. [क्प 
nents ५८८५२ न the Hindos in, measuring time are desoribed, 57 
briefly an tly, in the thirteenth chapter of this work : in 
probalility the gnomon and shadow. was that most relied upon; at.any 

१ cap Revnibasine means of keeping mean time with any accu- 
racy, and it appears from this passage that apparent time alone ia re- 

as ascertainable directly. Now if the sun moved in. the els 

noctial instead of in the ecliptic, the interval between the passage o 
mean and his true place across the meridian would be the same part of 
a day, as the difference of the two places i» of a circle: hence the pro- 
portion upon which the rule in the text is founded : os the number of 
minutes in a circle is to that in the sun's equation (which. is the same 
with his “result from the base-sine:” see above, v. 39),-s0- is. the whole 
daily motion. of any planet to its motion during the interval. And 
since, When the sun is in advance of his true place, he comes later to 
the meridian, the moving on during the interval, and the reverse, 
the result. is additive to the planet's place, or subtractive from it, accord- 
nee the sun's equation is additive or subtractive. 

€ other source of difference between true and apparent time, the 
difference in the daily increment of the arcs of the cecliptic, in which 
the sun moves, and of those of the equinoctial, which are the measures 
of time, is- not taken account of in this treatise. This is the more 
strange, as that difference is, for some other purposes, calculated and 
allowed for. 

At the time for which we have. ascertained above ae ews Poet 0 
the planeta, the sun is po near the perigee, and his equation of place is 
مع‎ small, that it renders necessary no. modification of the places as 
given: even the moon moves but.a small fraction of a second during 
the interval between mean and apparent midmght. 

By Sbhukti, as used in this verse, we are to understand, of course, not 
the mean, bot the actual, daily motion of the apr the commentary 
also gives the word this interpretation. How the actnal rate of motion 
is found at any given time, is taught in the next. passage. 


47. From the mean daily motion of the moon subtract the 
daly motion of its apsis (manda), and, ha treated the. differ- 
ence in the manner prescribed by the next rule, apply the t, 
as an additive or subtractive equation, to the daily motion. 

45. The equation of a planet's daily motion is to be calculated 
like the laps ct the planet in the process for the apsis: malti- 

y the daily motion by the difference of tabular sines corre- 
sponding to the base-sine (dorji) of anomaly, and then divide 
by two hundred See: twent ध क os ग 

49. Mulupl result -by the correspon e 
1. तगर) and 02 by the number १५ 
circle chs Ser 


५. 49.) 








na) the result, in minutes, is additive when in the 
inning with Cancer, and subtractive when in that 


nning with Capricorn. 









Burgess, ९८८.) ` ]8.46-‏ قل 


of the epicycle also effects a ein Sse ing dimination of = nation, 
carryt ag Ue the planet forward where the कुत is subtractive, and back- 
ward where it is additive: but -wehanily feel justified in’ assumin 6: that 
it i warded as an empirical correction, a pple to make the re 
sults of calculation agree more nearly with those of observation, because 
ita amount and place stand in no relation which we have been able to 
trace to the true eloments of the planetary orbits, nor is the accuracy 
such slight corrections of appreciable भ a We are compelled 
. ممم ا‎ the solution of this difficulty, if it shall prove soluble, to later 
igation, and a more extended comparison of the different ‘text 









‘books of Hindu astronomical science. 


As regards the numerical value of the elements adopted by the two 

tLe oer. —their mutual relation, and their respective relations to the true 
~~ ents established by modern: science, are exhibited inthe annexed 
ta The first part of it presents the comparative dimonsions‘of the 
planetary orbits, or the value of the مساق‎ of each in terms of that of 
the earth's orbit. In the ease of Mercury and Venus, this is represented 
4 the relation of the radius of the واءوغتمء‎ (of the conjunction) to that 
af the orbit; in the case of the superior planets, by that of the radins 
of the orbit to the ध the epicycle. For the Hindu system it 
Was necessary to a, two values in every case, derived respectively from 
the (म ‘a ean! dimetsiona of the epicycles, Such > relative مهل‎ 





termination of the moon's orbit, of course, could not be obtained : its 


absolute diméensions'will be found stated later (seo under jv. 3 and xii. 
64). The second part of the table gives, as the fairest practicable com- 
parison of the values assigned by each system to the eccentricities, the 
greatest equations of tho centre. For Mercury and Venus, however, the 
fincient and modern determinations of these equations are not at. all 
comparable, the latter giving their scteal heliocentric amount, the for- 
mer their apparent value, as scen from the earth 







Relative Dimensions and Eccentricities of the Planetary Orbite, according 


त Moderns, | 
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“ ` 40. Multiply the daily motion (२/५) of د‎ planet by the sun's 

result from the base-sine (dd@/uphala), and divide by the num 

of minutes ina circle (biacakra); the result, in minutes, apply 

to the planet's nc aig in the same direction as the equation 
8 sun. 


was applied to 
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i 45.] 919 
‘that, hampered by fulse ‘assumptions, and’ imperfectly provided” with 
instruments, they were able to comes A-science containing so much 
of truth, and serving asa secure basis ‘for the क ‘of after 
time > whether we pay the same tribute to the genius of the Hindn will 
depend upon whether we consider him ‘also, like all the reat of the world; 
to cate been the pupil of the Greek in sstronomical science; or whether 
we shall believe نطلا‎ to have: arrived: independently at 2 system’ so 
closely the counterpart of that of the West.°° °°" اناق توا كله مك‎ oes 








` The differences between the two systems are much less-fondamental 
and i ca The ssumption of # centre of equal distance different 
frow that of equal angular motion—and, in’the case of Mercury, itself 
also movable—s unknown to the Hindus: this, however, appears to be 
an innovation introduced into the Greek system by Ptolemy, and un- 
known before his time} it was adopted by him, in spite of its seeming 
arbitrariness, becanse it gave him results according more nearly with his 
observations. ‘The moon's evection, the distovery of Ptolemy, is equally 
wanting in the Hindn astronomy. .As regards the combined application 
of the equations of the apsis and the conjunction, the two systems aré 
likewise at variance, Ptolemy follows the truer, as well as the simpler, 
meéthod: he applies first the whole correction for the eccentricity of the 
orbit, Sheen واس‎ result, in the ease of the superior planets, the 
trey true heliocentric place; and this he then correcta for the paral- 
ع‎ of the earth's [1 Here, too, ignorant ns he was'of the actual 
Telation between the two equations, We may suppose him to have been 
qiided by the better coincidence with observation of the results of his 
مم‎ तवन when thre condueted. The Hindus, on the other hand, not 
wing to which of the two sapernatoral a, _ ings at the apsis and con- 
janction should be attributed the priority of influence, conceived th 
to act simultaneously, and ‘alopted the method stated above, in verse 44, 
of obtaining an average place whence their joint effect should opie ealeu- 
lated, This is the only point where they forsook the geometrical method, 
and suffered their years respecting the character of the forces proda- 
cing the inequalities of motion to modify their processes and results. 
The ch ange of dimensions of the epicycles is also a striking peenlinrity 
of the Hinds system, and to us, thos far, its most enigmatical feature, 
The भात्या effect of the alteration upon the श themselves is to 
give them w form جم‎ to the pl ical; But, although the 
epicycles of the conjunetion of the inferior planets represent the proper 
orbits of thoge planets, and those of the superior the orbit of the earth, 
it is not possible to see in this alteration an unconscions recognition of 
the principle of ellipticity, bacanse the ee jor axis of the quasi-ellipse— 
or, in the case of Jupiter and Saturn, the minor axis—is constantly 
pointed toward the earth. Its effect upon the orbit —— vy the 
planet ia, as concerns the epicycle of the apsis, to sg ive to the eccentric 
cirele an ovoid shape, flattened in the first and fourth quadrants, bulging 
in the second and third: this is, so far as it goes, an approximation to- 
ward Ptolemy's virtual orbit, a circle described aboot a centre distant 
from the earth's place by aoe half the equivalent of the radins of the 
Hindu epicyele (the circle A’ P in sete 6): bot the approximation 
seems too distant to furnish any hint of an explanation. -A diminution 
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to the place of the planct as already once. equated gives the final result 
5. هلا‎ geocentric place. 
_. In the ease of Mercury, Ptolemy introduces the additional supposition 
that the centre of equal distances, instead of being fixed at Q, revalves 
in a retrograde direction upon the circumference of a circle of which X 
centre, and X Q the radius. ~ 
_ After a thorough discussion of the observations yon which his data 
and his m the latter, Ptolemy 
4 eds himself to construct. tables, न are included in the body of 
a work, from which the true places of the planets at any given time 
may be found by a brief and le process. The Hindus 076 also ac- 
customed “i to a pe such „1 though their construction and use are 
nowhere alluded to in this treatise. Hindu tables, in part professi 
calculated “y Sri the 5 nta, have been published 
by Bailly (Traité.de | 






ase ote by Bentley (Hind. 
hak ete.), by Warren (Kila Sankalita, Tables), by Mr. Hoising- 
riental Astronomer, p, 61, etc,), and, for the sun and moon, by 
Davis (As, Res, i. 255, 250) 
We are now in a,condition to compare the planctary system of the 
Hindus with that of the Greeks, and to take note of the principal re- 
blances and differcnees between them. And it is evident, in the first 
im all thair ered fentures the two are essentially the same, 
alike analyze, with remarkable snecess, the irregularities of the 
motions of the planets into the two main elements of which 
ty ate yare made up, and both adopt the same method of representin 6१५ 
| ng those irregularities, Both alike substitute eccentric circles 
for the true elliptic orbits of the planets. Both agree in assigning to 
Mercury and Venus the same mean.orbit and motion as to the sun, and 
in giving them epicycles which in fact slg nd to their heliocentric 
orbits, making the ovntre of those epicycles, however, not the true, but 
the mean place of the sun, and also applying to the latter the correction 
doe to tho eccentricity of the orbit. Both transfer the centre of the 
orbits of the superior planets from the sun to the earth, and then 
each, 05 an epicycle, the earth's orbit; not, however, in the form of 
ellipse, nor even of an eccentric, but in that of a true circle; and 
here, too, both make the place of the centre of the epicycle to depend 
-- mean, instead of the true, place of the sun. The key to the 
system of the Greeks, and the determining cause both of its nu- 
Merons accordances with the actoal conditions of things in nature, and 
of ita inaccuracies, is the principle, distinctly laid down and strictly ad 
hered to by them, that the planetary movements are to be represented 
by a combination of equable ciroular motions alone, none other bei 
deemed suited to the dignity and perfection of the heavenly bodies, By 
the Hindus, this principle is nowhere expressly recognized, so fur 88 we 
are aware, as one of binding influence, and although their whole system, 
no less than that of the Greeks, seems in other respects inspired by it, 
it isin one point, as.we shall note more ह्न hereafter, (भ 
abandoned and violated by them (see below, under vy. 50, 51) : 
cannot but regard with the highest admiration the acuteness and in 
dustry, the power of observation, analysis, and deduction of the Grecks, 
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The Hindu method of finding the troe longitudes of the five planets 
whose apparent position is affected by the parallax of the earth's motion 
having thos been fully explained, we will proceed to indicate, as snc- 
cinctly كه‎ “ganic the way in which the same problem is solved by the 
great Greek astronomer. The annexed figure (Fig. 6) will illustrate his 
method: it is taken from those presented in the Syntaxis, but with such 
modifications of form as to make it correspond with tho fg rures previ- 
oualy given here: the conditions which it represents are only hypothet- 
are not according with the actual elements of any of the planetary 
orbits. 

Let E-be the earth's place, and let the circle ApC, described about 
Eas a centre, represent the mean orbit of any planet, EA being the 
direction of its line of apaides, and EC that of its conjunction (cighra), 

called by Ptolemy the 
॥ apogee of its epicyele. 
١ Let EX be the double 

eccentricity, or the 

equivalent to the ra- 

dins of the Hindu 

of the apsis;‏ ملع زعام 

and let EX be bi 

sected in Q@ Then, 

aa regards the inflo- 

ence of the eccen- 
tricity of the orbit 

। भ्‌ Be the place of the 
planet, the centre of 

- = eqnable angular mo- 

ton 18 at X, bot the centre of equal distance in at Q: the planet virte- 
ally describes the circle A’ P, of which Q is the centre, but at the same 
rate as if it were moving equably upon the dotted circle, of which the 
centre ta at X: The angle of mean anotaly, accordingly, which in- 
creases proportionally to the time, is= XA”, but P is the planet's place, 
PE A the true anomaly, and EP X the equation of place. The value 
9८ EP X is obtained by a process analogons 10 that described above, 
under verse 39 (pp. 210, 211); EB andes X, and QD and DX, are 
frst found; then DP, which, by anbtracting DX, gives XP, XP 
added to BX gives BP: and from BP and BE is derived EP B, the 
equation required; subtract this from P XA, and the remainder is 
A, the planet's true distance from the apsis. About -* describe 

the epicyele of the conjunction, and draw the radics PT parallel 
to EC: them T is the planet's place in the epicycle, م‎ its apparent 
position in the mean orbit, and TEP the 5 uation of the epicycle, or 
of the conjunction, In order to arrive ot the value of this equation, 
Ptolemy first finds that of SER, the corresponding angle when the 
centre of the epicycle is placed at R, at the mean distance ER, or 
radius, from E: he then diminishes it by a complicated process, into 
the details of which it is not necessary here to enter, and which, as 
he bimeelf acknowledges, is not strictly accurate, but yielda results-suffi- 
ciently near to the truth. The application of the equation thus obtained 

VOL. ¥1. 8 
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Results of the Second Process for finding the True Places of the Planets 
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be: a longitudes 
the spades being the atte a5 in the sccond operation, are not 

in this table. | 3 > 


~ ملعتم كل‎ अ. 
The original.mean longitudes are now corrected by the ادوم‎ of the 
h process, to obtain a position from which shall ५4 more caleu 
lated the equation of the conjunction; and the application of this to the 
position which furnished it yields, as a final result, the true place of each 


Results of the Fourth Process for finding the True Places of the Planeta 
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ay We cannot furnish a comparison of the Hindu determinations of the 


mé places of the planets with their actual posit 
Gut modern methods, until after the subject of the latinos he beng 
with: see below, under verses 56-5 
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५.45 (11 215 
44. 'To the mean 0 of the planet apply half the equation 
of the conj hraphala), tion of the 






is; to the mean place of the ap apply the स le equation 
the apms (mandap | also that of the conjunction. _ 
45. In the case of all the planets, and both in the process: of 
correction.for the conjunction and in that for the apsis, the 
tion is additive (dhana ahaa the distance (Aendra) is in the half- 


orbit nning with. subtractive (rga), when in the half- 
orbit petite with Libra, 


The rule contained in the Iast verse is a general one, applying to all 
the processes of calculation of the equations of १५६ already 
been pe ety ve, Its ante t when the anomaly 
(mand ria), or commutation (righrakendra), reckoned always forward 
from the planet apsis or conjunction; 15 less than six signs, the 
equation of place is additive; when the former is more than six signs, 
the equation is subtractive. The reason is made clear by the figures given 
above, and explanations under verses 1-5: of this cha 

It should have been mentioned above, under verse 29, where the word 
kendra was first introduced, that, as employed in this sense by the Hin- 
dus, it properly signifies the 1 see note to 1. 58) of the “centre” 
of the epicycle—which coinci th the mean place of the planet itself 
—telative to the apsis or conjunction respectively. In the text of the 
> ta it is used only with this signification: the commentary 
employs it also to designate the centre of any circle. 

Since the sun and moon have but १ single inequality, according to the 
Hindu system, the calculation of their true places is sim 2 and easy 
With the other planets the case is different, on account of the existence 
of two causes of disturbance in their orbits, and the consequent necessity 
both of applying twa ona, and اه‎ allowing for the effect of cach 
cause in व equation due 6غ‎ the other. For, to the appre- 
hension of the Hindu astronomer, it would not be proper to calculate the 
two equations from the mean place of the planet; nor, again, to calculate 
éither of the two from the mean place, and, having oe it, to take 
the new position thus found as a basis from which to caleulate the other 
sine? the planet is virtually drawn away from its mean place by the 
divinity at either apex (wee) before it is submitted to the action of the 

The method adopted in this Siddhdinta of balancing the two 
influences, and arriving at their joint effect upon the planet, is stated in 
verses 43 and 44. The phraseology of the text is not 0०01 
and would bear, if taken alone,.a diferent Tuite यु from 
the commentary puts upon it, and which the rules to be given later slow 
to be its true penne thia is as follows: first calculate from the mean 
place of the planet 5s equation of the conjunction, and apply the half 
of it to the mean from the position thus obtained calculate the 
equation of the spsis, and apply half of it to the longitude as already 
once equated; from this result find once more the equation of the 
and apply if to the original mean place of the askew 
eet o apply to, this last place tha whotd equation of 
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position with reference to the conjunction is accord- 
jy), or OM’, is 58° 44" while M'D, its complemen 
ch the perpa 1 arsine (किव) is taken, is 31°16’. The 
corresponding sities, M'B' and M’G قوم‎ ithe EN allo es ectively. 
The epicyele of Merenry is one degree less at D than at Hence 
the proportion 
91110 3438 + Go :: ०438 : 51 
f ves 51° as the diminution at M’: the circumference of the epicyle at M 
en, is 132° 9", The two proportions 
, अ sada? 'و‎ : 3935: 1078, and 3569 : 359 أن‎ :: 1784 655, 
give us the value of m'n' ns 1078’, and that of "د‎ M's 655’. The 
ition being se more than three and less than nine signs, or in the 
half-orbit with Cancer, the fourth. sign, is to be sub- 
or radins, 3435 ; the remainder, 2783", is the perpen- 

























To the square of Ew’, 7,745,089 
add the square of nm’, 116,084 
: of their eum, 213 
the square root, > 


is the varinble hypothenuse [त्वद kurna), Em’. The comparison of the 
triangles Em'n’ and Eo'y’ gives the proportion Em’: m'n’::Eo': og’ 
apa 1०76 ~; 3438 : 1243 
The value of ,“وات‎ the sine of the equation, is accordingly 1242’: the oor- 
mE are, o M, is found by the process prescribed in verse 33 to be 
9 fizure shows the equation to be subtractive, 
The annexed table presents the results of the calculation of the equa- 
tion of the conjunction (pighrakarman) for the five planeta. 


Results of the Firat Process for finding the True Places of the Planeta 
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This is, however, only a first im the whole ope ration for finding 
the true longitudes of these five planets, as is Inid down in the next 


43. ‘The process of correction for the apsis (mdnda karman) 18 

the on yon required for the sun and moon: for Mars and the 

nets i nnd sreseribed that for the 0 Arya), 

that for the apsis (ménda), ngain that for the apsis, at for 
the conjunction—{ 












Suppose, now, the mean place of the planet, relative 


to its conjunction 
fi : 4 ariel from 
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bees bow tis. wo ‘similar iang 9 Emm and - ater a 
mparison of the corresponding parts of which gives us the proportion 
az: Eo:og ‘that is to sa F109, ch ia the sine of the equation 

| ctof Eo, the 


= धि, equals the produ 08, into mn, the result from the 
bave-sine, divided by the wnriable hypothenuse, Ems ©9000 = ` o>: 

~+ When the planet's mean place in the quadrant DO, as at My the 
fesult from. the perpendicular-sine (dotyydpéale),or M’ بكم‎ ix subtracted 
from. radius, and the remainder, Em’, is emplored as before to find the 
¥alue-of Em’, the variable hypothenuse: and the جزمن‎ es ison of the 
‘similar triangles Em! a! and Eo’g' gives og’, the sine of the equation, 


١ This obvious that when the mean distance of م‎ planet from its conjune- 
tion is less than a quadrant in either direction, as at M, the base En is 

= tater than radins: when that distance is more than a quadrant, as at 
رلك‎ the base Ea’ is less than radius: the-ccaine iw to be added to radius 
in the one case, and subtracted from it in the other, “This is the mean- 
ing of the rule in verse 40: compare the notes to i: 58 and ii, 80. 
+ Tn illustration, of the. process, we: will calculate the equation of the 
conjunction of ey for the given time, or for midnight preceding 
January Ist, 1860, at Washington. 
: Since the Hinds system, like the Greek, interchanges in the case of the 
two inferior planets the motion and place of the planet itself and/of the 
sun, giving to the former os its mean motion that which is the mean 
apparent motion of the sun, and assigning to the conjunction (pighrocet) 
क revolution which is actually that of the planet in its orbit, the mean 
position of Mercary at the given time is that found above (under ४. 39) 
to be that of the sun at the same time, while to find that of its conjunc 
ion we have to add the equation for difference of meridian (depdntare- 
phala, i. 60, 61), to the longitude given under 1. 53 aa that of the planet. 
Longitude of Mercury's conjunction (pighroera), midnight, at Ujjayini, 4¢ 15° 13’ 8" 


add for difference of meridian, | ؛‎ 44.14 


Longitude of conjunction at required time, سبي‎ 4 14 eon 


و af‏ 538 لع >~ = = 0 = = = ;) ماعطا سطالواما Mean commutation‏ 
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making the circuit of the heavens about ह. the earth, asa centre, im the 
direction indicated by the arrow, from © through M and M’ to O, and مد‎ 
on. But smee, in every case, the conjunction moves more rapidly east- 
ward than the planet, overtaking and passing it, if we तपु pee the @on- 
junction stationary at C, the virtual motion of tha planet relative to that 
point is backward, or from 0 through M’ and M to ©, ite mean rata of 
approach toward © being the difference between the mean motion of the 
planet and that of the sun. As before, the amount to which the planet 
i drawn away from its mean place toward the conjunction is eslenlated 
hy meaus of an epicycle. The circles drawn in the figure to represent 
the epicycle are of the relative dimensions of that assigned to Mercury, 
ormdittl more than half that of Mara, “The direction of the planet's 
motion in the epicycle is the reverse of that in the epieycle of the apsis, 
mi regaris the actual motion of the planet in ita orbit, heing eastward at 
the conjunction ; a regardea the motion of the Dinnet relative to the eon- 
Junction, it is the same as in the former case, being in the contrary direc- 
tion at the conjunction: its effect, of course, is to merease the rate of the 
eastward movement at that point. The time of the planet's revolution 
about the centre of the epicycle is the interval between two 1 + 3 11. 
passages through the point C, the conjunction: that is to say, it is equal 
to the period of synodica! revolution of each planet, These periods are, 
according to the elements presented in the text of this SiddbAnta, aa 


follows : 
Alercary, Sd 91४ سوق‎ 
Venta, 3 3 35 
अज्य, 79 ॐ 31 
Jupiter, ॐ ॐ 390 
Saturn, 3-8 > 4 


The arc of the epiorcle braterséd br the planet, at any point It its revs 
ition, 15 equal to its distance from the conjunction, when reckoned for- 
Wifrom the planet, according to the method prescribed in verse 29, 
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०60 ام ع‎ ९, त] Ev, which equals A a, is the eccentricity, which ts given, 
cin gm; the angle mea equals MEA, the mean anomaly, and Eme 
equals MEo,theejuation. Extend Tat 
mé tod, where it meets Ed, ها‎ per- ” Fig 4 

emdicular let fall wpon it from E. 

at on, in the ne سحام حي‎ 1९ 2 
Eed, the side Ee and the angles 
—aince Eed equals وموم م‎ 
given, to find the other sides, ¢d 
ani dE. Add र च toem, the ra- 
dius; add the square of the sum 
to that of Ed: tho syuare root 
et sr = is Em: theo, in the 
right-angled triangle mEd, all 
the sides and the right angle are 
given, to find the angle Em 2, the 
eynation, 
भ This process is equivalent to a transfer of the epicyele from M to E; 
@ becomes the result from the basesine (AAwjayydplala), and de that 
from the perpendicular-sine (cotijydpAala), and the angle of the equation 
ها‎ found in the same manner as its sine, ¢¢, is found in the Hindu process 
next to be explained; while, in that which wa have been considering, Ed 
ها‎ assumed to be ८, ual to ec, 

Ptolemy also adds to the moon's orbit an epicyele, to account for her 
second yes enh the evection, the discovery of which does him so much 
honor, Of this inequality the Hindus take no notice, 





40. The result from the perpendicular-sine (fofiphaia) of the 
distance from the conjunction is to be added to radius, when the 
distance (kendra) is in the half-orbit beginning with Capricorn ; 
but when in that beginning with Cancer, the result from the 
perpencicular-sine is to be subtracted. 

_ 41. To the square of this sum or difference add the square of 

the result from the base-sine (AdAuphala); the square root of 
their sum is the hypothenuse (arpa) called variable (६0). 
Multiply the resuls from the base-sino by radius, and divide hy 
the variable hypothenuse: | 

42. The ar¢ corresponding to the quotient is, in minutes, ete., 
the equation of the conjunction (edighrya piala); it is employed 
0 the first and in the fourth process of correction (4arman) for 
Mars and the other planets. ` 


The process prescribed by this passage is essentinily the same with that 
sxplained and illustrated under the preceding versa, the only difference 
being that here the sine of the required equation, instead of beng 
assumed equal to that of the arc traversed by the planet in the epicycle, 
is obtained by calculation from it, The annexed figure (Fig. 6) will ex- 
hibit the method p pursued, | | 

The दः r circle, C MM’ O, represents, as before, the orbit in which 
anyone of the planets, os also the being at its conjunction | lyhrocea) are 







^. ` Satmosas cquation etic ape 
me: the figure shows it to be subtractive 
also declares it, ence, from 
8 =r bh: hed 
ie ert tad ह. क 
ا‎ W j teens ॥ ॥ । 21 Ly ay 
the restilta of a similar calcula 


(Org teal 








Sun's méan Tongitade, midnight, at Ujjayin! (i 83), B® BP yt? 
add for difference of moridina (i. 60,61), > | 11 माणः 255 
Sun's mean longitude at required time, "+ अ بمجوورت‎ 8 18 13 ३३ 
Lougitude of sun's apsia (141), | pets 2°17 > 17 17 4 4 
Sun's mean anomaly (ii. 20), 5: رود‎ 4.11 
subtract from two quadrants (i, 30), 6. 
Dimensions of epicycle (iL 33), 1? 
Result from base-sine (d4ujajydphala), or sine of equation (ii 39), 2“ 
Equation (miada متملع‎ ii 45), 4-3! 
Sun's true longitade, مع‎ २8० 057 
these calculations, we have neglected the seconds, rejecting 
the fraction of a minute, or counting it as a minute, 1s it كد‎ 


or greater than a half. For, considering that ५६ followed 
in the table of sines, which lies at the foundation of the whole process, 
and considering that the sine of the arc in the epicyole is assumed to be 
equal to that of the equation, it would evidently be a waste of labor, atid 
an affectation of an exactness greater than the process contemplates, or 
than its general method renders practicable, to carry into seconds the data 





stated below, in verse 43, the equation thus found is the only one 
required in determining the true longitude of the sun and of the moon 
in the case of the other planets, however, of which the apparent place is 
by the motion of the earth, a much Jonger and more complicated 
لم‎ ध is necessary, of which the explanation commences with the next 
| ع‎ passage. 
6 Ptolemme method of making the calculation of the equation of 
nip had the een aM هر‎ illustrated by the annexed ine 
4 nts a, m, and o, correspond with those 

८. ia’ tho Jack The centre of the eccentric 




















be small, mn may without - iy considerable error be assumed to 
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0 ابس‎ व 3 छ 
‘deduct moon's mean longitude (६.29) + Gras = ts 
Moon's छद ithomaly (misndakenidra) ` 1618 46 15 ` 
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reckoned forward, on the orbit from th 
tho own fo moon featre to the apis newly 
purposes. of illustration, repres y Min the figure. B 
the rule (4 @bove, in verse 30, the مستعمهما‎ (bhujajyd)—since the 
in the fourth, an even, quadrant—is from the 
the quadrant not included in the anomaly, or AM; the per- 
नु ( @) is that corresponding to its complement, 








य ١ عورا‎ 18० कह! “قر‎ 
= i ltt hes كلت‎ 
Bete Ken صو‎ ree = rr 6 ।॥5 

this : ١ । 3 

remaina 8 كك ?71 وق‎ च 7 . ---- ----------- 
1 oe. षु ४५, (१ |. = at 9 : 13 49 
स y the method “already ‘illustrated: under verses 31, 33, the sine: 


nonding'to the latter arc; which is the base-sine (Sdujoyyit), or the 

= + سس يويند‎ tinct MB) is forind to be 2266": that from MD, which 

न न the ‘perpendicular-sine (Aotijyd), or cosine of mean 
The next ‘point is to-find the true size of the epicycle at Me By 

nate $4, the مطل دن ريد‎ न cirtumfdrence’ armounté at D to 300; 

| ni n verse 38, wo make the proporti 

sin A MS diminotion at’ M ६ ool : كيت‎ 

13 وو ॐ:‏ ا ` °“ 

the circumference of the ذخ امار‎ the amotint 
ascertained, We have 31147 a& its dimensions at M. 

7 
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A, the radius of the epicycle. This identity of the virtual orbit with 
an eccentric circle, of which the eccentricity is equal to the radius of 
the epicycle, was doubtless known to the Hindus, as to Ptolemy: the 
latter, in the third book of his Syntaxis, demonstrates the equivalence of 
the suppositions of an epicycle and an ee and chooses the latter 
to represent the first inequality: the Hindus have preferred the other 
supposition, as better suited to their methods of oe anil ऋ ad- 
mitting a general similarity in the processes for the apsis and the con- 
junction. The Hindu theory, however, as remarked above (under इष, 
1-5 of this chapter), rejects the idea of the actual-motion of the planet 
in the epicyele, or on the eccentric circle: the method is but 3 (पि 
कुरः the effect of the attractive force of the being at the 
apsis. Thus the planet really moves in the circle A M M’ P, and if the 
fines Em, Em! be drawn, meeting the orbit in o and ,نه‎ its actual place 
is ato and أت‎ when its mean place ts at M and Mi’ respectively. To 
ascertain the valoe of the ares oM and o' M’, which are the amount of 
removal from the mean place, or the equation, is the object of the pro 
cesa prescribed by the text. 
oa pose the planet's mean place to be M, its ممعم‎ distance from the 
apes being AM: it has traversed, as above explained, an equal arc, am, 
in the epicyele. From M draw MB and MF, and from m draw ma, 
at Tight angles to the lines upon which they respectively fall: then MB 
is the base-sine (Shujayyd), or the sine of mean anomaly, and MF. or its 
equal EB, is the perpendicular-sine (dotijyd), or cosine, and ma» and 
3 are corresponding sine and cosine in the epicycle, But as the rela- 
tion of the cireumferenece of the orbit to that of the epicycle is known, 
and.as all corresponding parts of two circles are to one another as their 
respective circumferences, the values of mn and nM are found by a 
proportion, as follows: as 360° is to. the number of degrees in the عرق‎ 
oumference of the ८५ icyele at M,so is MB toma», and EB to aM. 
Hence mn is called the “result from the base-sine” (bhujajydphala, or, 
more briefly, biwephala, or bthuphala), and nM the “result from the 
pe rpendicular-sine™ (Rotgyiphata, or cotiphala): the latter of the two, 
0; ia not employed in the process for calculating the equation of 
he apsis, Now, asthe dimensions of the epicycle of the apsis are in 


+ 
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6 7 from its mean ५ Ti १.५. ‘the disturbing influence of the छ mis, In 
modern phraseology, it is called the first ا عر‎ due to the ellipticity 
of the orbit; or, the equation of the contre. a», ونا‎ 
: Figure 3, upon the next page, will serve to illustrate the method of 
ا ل سك‎ 1 | | 








Let A M M'P represent gent art of the orbit of any planet, which is 
to be a true wing E, the earth, for its centre. Along 


thi orbit the planet would move, in the direction indicated by the 
arrow, from A through अ and M’to P, and so on, with an equable 
1 it not for the attraction of pa ein १ 
nade ५ تمعن تناو‎ ण ively, © general mode 
of action mee bein < لودع‎ 1 above, under verses 1-5 । 
of this (म now ما‎ ascertain the amount of the disturb- ” 
= عدسه‎ produced by them anny given point in the planet's. revolution. 
؛‎ The method devised is that of an na Maes upon the circumference of 
which the planet revolves with an equable motion, while the centre of the 
epicycle traverses the orbit with a velocity equal to that of the planet's 
mean motion, having always ne sition coincident with the mean place 
of the planet. At present, we have to do only with the ५. which 
represents the disturbing effect of the apsis (mandocea) ١ period of 
the planet's revolution about the dentre of the epi¢yele is the time 
whi ch it takes the Intter to make the circuit of the orbit from the apsis 
around to the apsis gain, or the period of its anomalistic revolution. 
This is almost precisely equal to the period of siderenl revolution in the 
ease of all the — Janets excepting the moon, since their apsides are re- 
gurded by the Hindus as stationary (see above, under 1 41-44): the 
moon's apsis, however, has a forward motion of more than 40° in > 
स 7; hence the moon's anomalistic revolution is abet ارد تمان ل‎ 
nger than its sidereal, being 354 131 18". The are of the epicycle 
traversed by the planet at any mean point in its revolution is socord- 
ingly always equal tothe are of the orbit intercepted between that 
point and the apsts, or to the mean anomaly, when the latter is reckoned, 
in the usual manner, from the ग ts sneer ps in the 
| पणत # suppose A to be the place of the apsts भव aril i ع‎ apogee of 
the sun and moon, the 6. of the other planets), and P that of the 
opposite poi aes (perigee =» or perihelion ¦ it has in this treatise no distinct- ’ 
ive Name): and let! 





et Mand प" be two mean positions of ced lanet, or 
الود‎ of the नि arg एः ci 2 1 
म णु عى‎ four points represent the epicycle: this i ب‎ in the figure, 
of twice the size of that assumed for the moon, or a little smaller than 
that of Mars. Then, when the centre of the epieycle is at A, the 
planet's place in the epioycle is at a; as the centre advances to M, M’, 
and P, the planet moves in the opposite direction, to m, a’, and क, the 
arc درت‎ being equal to A M, alm’ to AM, and opto AP. Itis as if, 
vile the axis ae م‎ shore K, the par ae it Aa ونا‎ oO 
stant in direction, parallel to EA, assuming the positions M m, M’ mv‘, 
and Pp successively. The effect of this combination of motions is to 
make the planet virtually traverse the orbit indicated in the figure by 
the broken line, which is a circle of equal radius with the true orbit, 4 
bot having its éentre removed from E, toward A, by a distance equal to 







Jupiter, Venns, and Saturn (see‏ أ 
Dove, प्रा ae 51,52), The annexed tabl ie the dimensions of‏ 
epicyeles, both their circumferences, whi SAL gr,‏ 

the text, and radii, which we haye calculated after th 
21 Siddhiinta, assuming the 7705 of the orbit to be 3438" 


Dimensions of the Epicyctes of the Planets, ١ m 
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। peculianty of the Hindu system is that the epicycles 
are sipposed to contract their dimensions as they leave the apsis or the 
conjunction ively (excepting in the ense of the epicycles of. the 
conjunction of Jupiti upiter and Saturn, which expand instead of contracting), 
ing stnallest at the quadrature, then again expandingill the lower 

apsis, of Opposition, ia reached, and decreasing and renin in, like 
manner in the other half of the orbit: the rate of jnecroase पात्रः 
एषठ as the sine of the distance from the. apsis, or conjruetion. 
Hence the rule in verse 38, for finding the true dimensions of the opi- 
ab any point in the sa {+ It 15 founded upon the simple propor 
oe : 35 7८115, the sine of the distance at which the diminution (or 
increase) is greatest, is to the amount of diminution (or phere increase) at 





point, so is the sine of the. given distance to corn ating ; 
~ ution (or inc lication of the correction thus व 
mensions of اجا‎ at. the apsis, or conjunction, gives. the 


hae 
€ shall revert farther on to the subject of this change in the dimen- 


sions of the epicycle, 


The t 


term en ployed to denote the epicycle, paridAd, means simply 
“circumference,” or “circle;" it is the same which is used elsewhere in 
this treatise for the circumference of the earth, etc. In a single instance, 
in verse 38, we have rrifa instead of » its signification is the 
samé,.and its other uses are closely analogous to those of the more 


39. By the corrected भ taultiply the 010 : 
and ‘perpe respectively, and divide by the 
number of degrees in 9 circle: then, the arc correspon 
the result from the base-sine (bhujajydphala) is the equation of 
the apsia (manda phala), in minutes, etc. 
All the preliminary operations having been alread perform | 
final pr mated th ae ie 


= which 15 sace equation of the apais, or 
amount by which 8 planet is, at any point in its revolution, drawn 



















The extreme conciseness aimed at in the phraseology of the text, and 
| equently carried ध ए it beyond the Fonte of distinctness, or even 
ility, is well illustrated by verse 93, which, literally trans- 
lated, read thus: “having subtracted the sine, the remainder, multi- 
plied by 225, divided by its difference, having added to the product of 
the number and 225, it is called the arc.” In. verse 31, also, the 
im म व و سوا‎ is not found in the text. | 

qT ^ rp. r this passage would seem to be immediately after 
the table Petes ad voit sines: it is not easy to see why verses 
28-30 should have been inserted between, or indeed, why the subject of 
the inclination of the ecliptic is introduced at all in this part of the 
chapter, as no use is made of it for a long time to come, 


34, The degrees of the sun's icycle of the apsis (mandz- 
paridht) are fourteen, of that of she Schon पनस at the énd 
of the even quadrants; and at the end of the odd quadrants, 
2 ١ are twenty minutes less for both. 
, 50١ At the end of the even quadrants, they are seventy-five, 
thirty, thirty-three, twelve, forty-nine; at the odd (ja) they are 
वव twenty-ei ight, thirty-two, eleven, forty-eight, 

“86. For Mara and the rest: farther. the egrees of the epi 


श. of te conjunction (gh) are, at the end of the even 
ae two hundred and thirty-five, one hundred and thirty- 
ince, seventy, two hundred and sixty-two, thirty-nine - | 

37, At the end of the odd quadrants, they are stated to be 
two hundred and pay two, one hundred and thirty-two, 
(| two hundred and sixty, and forty, as made use of 
in the calculation for the conjunction (sighrakarman), 

38, multiply the base-sine (bhujajyd) by the difference of the 
epicycles at the odd and even quadrants, and divide by radius 
(धी १; the result, applied to the even epicycle ( > and 
additive (dhana) or subtractive (rna), according as thia is feas or 


reater than the odd, gives the corrected (sphufa) epioycle. ` 


` The corrections of the mean longitudes of the planets for the dis 
turbing effect of the apsis (mandocea) and ष race (sighroecea) of 
tach—that is to say, for the effect of the pticity of their orbits, and 
for that of the annual parallax, or of the motion of the earth in dts 
orbit—are made in Hindu astronomy by the Ptolemaic method of epi- 
cycles, or secondary circles, upon the circumference of which the planet a | 

ॐ Tegarded as moving, while the centre of the epicycle revolves abo 
the saris centre of motion. The details of the method, as applied by 
the Hindus, will be made clear by the figures and. proceases to Sieg re 
sented a little later: in this dae age we have only the dimensions of the 
epicyeles assumed for each planet. For convenience of calculation, they 
are measured in degrees of the orbits of the planets to which they 




















severally belong ; hence only their relative dimensions, ns دود‎ | 


ee iven us. The data of the text belong to the 5 vet 
in the order in which these succeed one another as regeuts of the days 


ii. 38] 


2 1 2 wal 


कै 
. 204 ‘EL 1 م‎ ete: [५.8०- 


। determined by ميلا‎ करट =, the عمد‎ कश्‌ over.im reckoning the aiom- 
aly, while AG or EM, the perpendienlar-sine, or cosine, is taken from 
pee nie. ait | eb Padheseig دمر‎ The same is troe in 
the other odd: quadrant, KS+ the (sine CH, orEL, comes from १९९ 

30 the part of the qualrant between tho planet and the apsis; the cosine 

| CL is fron ‘its complement. . But in the even بها‎ QR and § P 
the case is reversed: the sines, BH, or EF. aud Deen are determined by 
the ares: BR and DP sgl sake of the ¢ not included im the 
anomaly, and the cosines, BF and K D or EM, correspond to the other 
portions of each > Sept respectively 

process, of finding what portion of any-are.gréater than a quai- 
rant is to be employed im determining ‘its: sine, meordmarily called im 
Hinds calculations “taking the dAuja of an are 


31. Divide the minutes contaiped in any are by two hundred 

d twenty-five ue the quotient. is the acaba of the preceding 

११८१7. ultiply the remainder by the differ- 

ence of the preceding and following tabular sines, and divide 

by two hundred and twenty-five; 

32. The quotient, thus obtained add to the tabular sine ealled 

the p ng; the result.is the a uired sine, ‘The same method 

“i ibed with respect to the versed sines, 

49. Subtract from any given sine the next less tabular aine; 

the remainder by two hundred and twenty-live, and 

divide (4 the difference between the next less and next पाट 

tabular sines; add the quotient (भि uct of the serial num 

ber of the next less sine into two hun and twenty-five: the 
result is the required arc, = 


The table of sines sind versed sines gives only those belonging to ares 
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AY which are multi es of 3° 45'; the first two verses of this passage state 
the Saeed of ل لحت‎ aa جا‎ ation, the sine or versed sine 
। cof. م‎ while. verse gives the rule for the 


contrary, process, for converting any given. sine or versed -sine in-the 
sane Manner into the correspo 
istration of the first rule, let us ascertain the sine correspondin 
]أو ممم‎ 24° or 1440, Upon dividing- the latter number by 225 
quotient चै, and the remainder 00. This preliminary step 
-7 معمفع عط‎ the Hindu not a8 Containing any 
di | of the ares to which the आच्छ ग but 35 composed 
` हाक of the sines themselves in their order. The sine corres ng 
pete 9 व 0 - the: difference oe 
1 next follow ton ue 205! ow a proportion is made: 
at this point in भन ax addition of ०२5४० the are i 
increase in the sina! of 203% what increase will be caused ‘by an addition 
to‘the are of 90: that is to say, 225 = 205 : - 90 82. Upon aditing the 
vresult, 82, te the sixth pene hyenas 19974 is the sine of the given 
arc, ऋक stated “in vere 28 actoal value, -it he 
the sins of 24°, is 1398/,96, soit oun anda eis aimee 
' م‎ The other rule is the reverse of this, and does not require illustration. 
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very foundation of the method of calenlating the trae place of a planet 
by means of a system, of epicyeles, than to find one, as noticed above 
(under i. 62), at the base of the theory of planetary regency upon which 
depend the names and succession of the days of the week, Both 
anomaly und commutation, it will be noticed, are, according. to this 
treative, to be reckoged always forward from the Planet to its apsis and 
conjunction respectively; excepting that, in the case of Mercury and 
Venus, owing to the exchange with regard to those planets of the place 
of the planet itself with that of its conjunction, the commutation ia 
really reckoned the other way. The functions of any are being the 
ase with those of its negutive, it makes no difference, of course, 
Whether the distances is measured from the Hanet:to. the apex (५८२५), oF 
from the apex to the planet. | | 

The quantities actually made me of in the calculations. which are to 
follow are the sine and cosine of the anomaly, or of the commutation. 
The terms employed im the text require هم‎ little explanation, Awa 
مومس‎ “arm ;" it is constantly applied, as are ila synonyms ddAhu and 
dos, to designate the base of a Bght-angled triangle; Aofi is properly 
“9 recury i extremity, and, as used to signify the perpendicular in 
anh» triangle, is conceived of as being the end of the bhuja, or base, 
bento P fo an upright position: Mujajyd and kotiyyd, then, are literally 
the.va Hes, as wines, 01 116 [जाकर ond perpendicolar of م‎ right-angled 
triangle of whieh the hypothenuse is male radius : owing to the relation 
to one. snother of the obliq rms angi oH such त्र triangle, they are Te- 
= Tigh: 98 sine apd cose. We have not been willine te employ 

ese latter terms in tranalating: em, beranse, as befure rumarked, the 
Hindus do not seem to have 5 met of the cosine, the sine of the 
complemeént, of an are, as being a function of the arc itself, 

Te find the sine and cosine of the planet's distance from either of its 
भ Ese (wee) 15 accordingly the Fir, २ 
object of the directions given in ` : 
verse 30 and the latter part of 
the preceding verse. The rulg 
itwelf is only the awkwanl Hindu 
method of stating the लपका 
truth that the sine and cosine of 
an arc and of its supplement are 

a | ual. The AOC OMT Poy ine figure 
will, it is believed, illnstrate the 
Hindu manner of looking at the 
subject. Let P be the place of च 
planet, and divide its orbit into 
the four quadrants PQ, QR, RS, 
and SP; the first and third of 
these are called the oid (vithama) 
9 the second and fourth, | = 4 Sa 
the even (yugma) qiadrants, Let A, 2, 0 and 7, be four Brae af 
the apsis (or of the conjunction); then the arcs PA, PQB, PQRC, 
PQESD will be the values of the anomaly in each case, A M, the 
base-sine, or site of anomaly, when the apsis is in the ‘first quadrant, is 
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subject under verses 9 and 10 of the next eliapter. The “sine” em- 
ployed is, of course, the sine of the distance from the vernal equinox, or 
of the bongitude as corrected by the precession, 

The annexed figure will explain the rule, and the method of 
demonstration. | 

Let ACE represent a quadrant of the plane of the equatorial, and 
ACG a quadrant of that of the ecliptic, AC being the line of their 
intersection; then AP is the equinoctial colure, P E the solstitial, GE, 
or the angle GCE, the inclination of the ecliptic, or the greatest deeli- 
nation (parcmdpakrame, or paramakrénti), and GD) its sine ( purame- 
krantiyyd). Let 8 be the position of the sin, and draw the circle of 
ileclination PH; SH, or the angle | 5 
SCH, is the declination of the sun ag. 1. 
at that point, and SF the sine of 
declination (Eréntyyd), From 8 and 
Pilraw 5 Band FB at ri ght angles | 
to AC: then SB is the sine of the | 
are AS, or of the sun's longitude. | 
Bot GCD and SBF ore similar 
right-angled triangles, having their 
ait} gles at C and B each equal to the 
intlination. Therefore CG:GD:: 

| GDXSE 

SB:6F; and SF= — 
8:85; and St OG 
sin incl. Xsin long, 









that ts, sin dec], = 


The same result is, by our modem اك‎ ->- + 
methods, obtained directly from. the formula. in night-anled spherical 
tm it cin SH sine¢==sing sinC; or, in the triangle ASH, right-angled 
at Hsin SH—sin S$ A sin SAH. 


_ 29. Subtract the longitude of a planct from that of its apeis 
Gra) th مو‎ alco, subtract it from that of its conjunction 
agura), the remainder is its anomaly (kendra); from that is 
0041141 the quadrant (p (pada) from this, the base-sine (८4114), 
and likewise that of the perpendicular (६०८). 
_ 80. In an odd (vishama) quadrant, the base-sine is taken from 
the part parece pore perpendicular from that to come: but in an 
even (yugma) quadrant, the base-sine (bihujy@) is taken from 
the part to come, and the perpendicular-sine from that past. , 
The distance of > planet from either of its two apices of motion, or 
centres of disturbance, 1s called ite Bendra; according to the comment- 
ary, its distance from a (mandocea) is called niandatendra, and 
that from the conjunction fighreces) قا‎ called righrakendra + the sa त 


Siddhanta, however, nowhere lias CCT 16) employ these terms. "he 
former of the two corresponds to what in modern ‘itronceny ia ~ 
the anomaly, the Isiter to what is known as the commutation. The 
word kendra 15 not. of Sanskrit origin, but ie the (greek zivtpor ; it 7 > 


circumstance no less significant to meet with a Greek word thus at the 
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| 1 this passage, the sine is called jydrdha, “balf-chord:" héreafter, 
however, that term does not once occur, but 7४4 “chord” (literally “ bow- 
ae is itself employed, as are‘also its synonyms piri, mdurvikd, to 

Hote the sine. The usage of Albategnius is the same. The sinea of the 
table are called pinda, or jydpinda, “the quantity corresponding to the 
sine,” The term used for versed sine, utkramojyd, means “ inverse-order 
sine,” the column of versed sines being found by subtracting that of 
sines in inverse order from radius. 

The ratio of the diameter to the circumference involved in. the expres- 
sion of the value of radius by 9438" is, as remarked above (under i. 59, 
60), 1: 3.14186, The commentator asserts that value to come from the 
ratio 1250; 3937, or 1 : 31416, and it is, in fact, the nearest wholo num- 
ber to the reault given by that ratio, Ifthe ratio were adopted which 
has been stated above (in i. 50), of 1: 4/10, the value of radius would be 
ets eo Tt is to be observed with regard to this latter ratio, that it 
could not possibly be the direct result of any actual process adopted for 
ascertaining the value of the diameter from that of the circumference, or 
the contrary. It was Bran bly fixed upon by the Hindus because it 
looked and sounded well, and was at the same time a sufficiently near 
approximation to. the truth to be applied in eases where exactness was 
neither attainable by their methods, nor of much practi¢al consequence ; 
ax in fixing the dintetsions of the earth, and of the planctary: orbits. 
The nature of the system of notation of the Hindus, anid their constantly 
recurring extraction of square roots in their trigonometrical processes, 
would cause the suggestion to them, much more = gpa than to the 
Greeks, of this artificial aa not far from the truth: and their science 
Was just of that character to choose for some uses n relation expressed in 
ॐ manner so simple, and of an aspect so systematical, even those h known 
to be inaccurate. Wedo not regard the ratio in question, al ough 8 
generally adopted among the Hindu astronomers, as having any higher 
value and significance than this. 

_ 28. The sine of greatest declination is thirteen hundred and 
ninety-seyen; by this multiply any sine, and divide aes radius ; 
the are corresponding to the result is said to be the declination, 

The greatest declination, that is to say, the inclination of the plane of 
the ecliptic, is here stated to be 24°, 1397 being the sine of that angle. 
The true inclination in the year 300 of our era, which we may assitme 
to have been not far from the time when the Hindu sstronomy was 
established, was a little leas than 28° 40, so that the error of the thin mila 
determination was then more than 50; at Ong: it is 32/34", The 
value assigned by Ptolemy (Syntaxis, i) to the inclination was between 
< 50" and 23° 52/30"; an error, as compared with its trae value in 
od of सः of only about 7. 

lhe second half of the verse pres in the usual yasue and elliptical 
language of the treatise, the rule for finding the declination of ध 
Point مد‎ the ecliptic. We have not in this'case supplied the ellipses in 
our वम कता, because it could not ‘eae done ‘succinctly, or without 
introdiiving an sai ‘that of the precession, which ` ott iy Was not 
taken into account when the rule was made, Ses what ts anid upon this 

VoL, VI. 36 








१ कच कु काः "= क فد‎ 
` ~ = क الست ع‎ 
ra 


of the formula J? sin (0 == m) == sina cosm == cosasinn, reduces to 
2nin a cos عكر ل بر‎ sina, or 2 -- 1) sina. That ts fo say, the 


second difference is equal to the product of the sine of the are a intéin 
certain constant quantity, or it varies as the sine, When's equals 3°45’, 
aa in the Hinda table, it is easy to show, upon working out the Inst ox- 
प by means of the tables, that the. constant factor is, as. stated by 
Sebo برسي دا باه‎ meals commentary of Ran ene bab od ظ‎ 


nizes the dependence of the rule given.in.the text upon the value of ) 


second differences. According to him, however, it is by describing 8 


Se ers oe at r 0 ट the sines, and deter- 
y inmpection, int the mathod i ob 


Hons is ८0 शव 
differences of the sines, he says, will, be observed ما‎ decrease, while. 
differences of those differences increase: and it-will be Beagles: tle 
last second difference is 15'.16'' 48°"... Aiproportion is; th A pay if at 
1॥ 08 at any 





६1. Nothing can be clearer, coms that this pretentied result of 
inspection is one of calculation nga So It would be utterly impossible 


to estimate es the eye the value of a differance with such sccursey, and, 
were it possible, that difference would be समान्य id 
‘from the one here given, being actually only about 1 






usicler bly removed 
P45"... Thewalue 


15°16" 48"" js वप्रां only in. order to make ita ratio to the radius 


The earliest substitution of the sines, in calculation, for the chords, 
which were employed by the Greeks, is gees attributed (see Whewell's 
: cane} ory of the Inductive Sciences, B. 111, ch, iv. 8) to the Arab. astron- 
er Albategnius (al-Battini), who flourished in the latter part of the 
ninth century of our era. It can hardly admit of question, however, 
that sines had already at that time been long employed by the Hindus, 
And considering the derivation by the Arabs from India of their system 
of notation, and of اليم‎ of the elements of their mathematical 
science, it would seem not un re that the firat hint of this so conveni- 

the methods of caleulation may also 
have come to them from that country. This cannot be asserted, however, 
with much confidence, because the substitution of the रण for the chords 
seems #0 natural and easy, that it may well enough have been hit ४६. on 





(णक |‏ نآ endently‏ ومسي يد 
that‏ ,)19 .م ie Delambre (Histoire de l'Astronomie du Moyen Age,‏ 


vy him ‘Nips came so near it, should have failed of it, If‏ 2 ظ 
Paige a nis sad 16 sugcestion from India, he, at any rate, got no. mora‏ 
than thai ia table of sines, much more complete than that of the‏ 
Hindus, was made from Ptolemy's table of chords, by simply halving them.‏ 
remained com (४ barren, 1९.19‏ هذ The method, too, which in ae‏ 
valuable developments in the hands of the Ara mathematicians, who‏ 
went on by degrees to form also tables of tangents and co-tangents, secants‏ 
and co-secants; while the Hindus do not seem to have distinctly appreci-‏ 
ated the significance even of the cosine 0‏ 


‘the radius the second difference is’ of this value, what will it-be هكم‎ 
sine! or, taking the first sine as an example, 6438":15' 16" 48 - 225 


‘ent and practical improvement o 
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~ those differences, as we have given them under the headings ^ ings “ث‎ 
apd 4” in the annexed table, ig | 


4findu Sines, with their First and Second Differences 


2 |© ~ دن د ىه دوالك 


1 
2 
3 
4 | 
0 
6 
चः 
8 || 
9 
fat | 
LE 


w= © 
فم‎ 





With these differences before him, an acute observer could bardly fnil 
to notice the عم‎ my fact that the differences of the second order in- 
crease as the and that each, in fact, is about the कदु part of the 
correspo sine. Now let the successive sines be represented by 0, 9, 
vase a!" and so on: and let q equal तत्रह or 3 ; let the first differ- 
ences be d=s—0, بأو[ “لو “ل بو "ون‎ d's" "لو‎ ate. The sec- 
ond differences will be: —ay=d'—d, الى الس وأو‎ ath a, 
etc. These Inst expressions give 
५ =d وشا —1> روح‎ 
Sd — وثو‎ Ss ع‎ ag — 4 
Ps ¶ ^~ 9g = 9 ~ wy ~ 94 — "9, ete. 


9 وج‎ +d جو -9-- مع‎ 
१/१ حول وح "4 ~{ اوح‎ — 
الوح االو‎ erg gag 9" ~ واو‎ 
aml so on, according to the rule given in the text vid 

That the second differences in the values of the sines ware a ५५.५०५ 
ما‎ the عمق‎ themselves, was probably known to the Hindus only by ob- 
servation. Hud their trigonometry sufficed to demonstrate it, they might 
easily have constructed a much more complete and accurate 
sines, We add the demonstratio ate by Delambre (Histoire de )"As- 

ie Ancienne, i, 458), from whom the views here expressed have 
been substantially taken, 

Let a be any are in the series, and put 3° 45" =-= अ. Then sin (e—n), 
mS ८.41 
a—sin (a—n sin (2 + a, W ¢ 
order ; their difference, sin (a +n) لل‎ sin (a —n) — 2sin a, will 
be a difference of the second order, But this expression, by virtue 








ए. ee १. 
and so on, through the whole series, ‘an १ १ be than 8 half being 
counted as one, and a amaller fraction being rejected. In the majority of 
cases, a8 is made evident by the table, this process yields correct results 
we have marked in the column of “true sines™ with 3 plas or minus sign 
such modern values of-the sinea as differ by more than half. minute 
from those assigned by the Hindu table, ay 

Tt is not to be supposed, however, that the Hindu sines were original! 
obtained by the process described in the text, That process waa, in al 
probability, suggested by peering the successive differences in the values 
of the sines as already determined by other methods. N@r is it difficult 
to discover what were those methods; they are indicated by the limita- 
tion of the table to arcs differing from ५ 3 457 god by 
what we know st ei of the trigonometrieal methods of the Hindus. 





‘The two mesa preset noiples, by the aid of whieh the greater portion of all 
the Hindo calcutati | 


ire made, ده يمجع‎ the oné hand, the equality of the 


square 9 Se By 0 ie 0 थ to the sum of the 
: ale جم‎ other two sides, and, on the i 


other hand, the : roportionsal 
न्‌ Siar ‘Parts of sirallar 916 iret of thots 
principles gave the Hindus the sine of the complement of any are of 
which the sine was aresdy known, it 1 = 1.1: pe to the श्वर Toot of 
the difference between the squares of radius and of the given sine. This 
the text: it was plainly equal to the difference between. the sine com pe 
mentand radius. Again, the comparison of similar triangles showed that 
the chord of an are was.a 1018 proportional between ita versed sing and 
the diameter; and this led to a method of finding the sine of half any 
are of which the sine was known: it wns equal to half the square root 
gh gen وف‎ rodtict of the dinmeter into the versed sine, That the Hindus 
had deduced this last rule does not pe ae from the text of this 
Siddhinta, nor from the commentary of Kanganitha, which is the ona 
stated in ५ commentary W hich Davis had in his hands (As, Res. ii, 247); 
and it might ba confidently धन्ना to ba known upon the evidence of 
the table itself; for the principles and rules which wa have here stated 
would give a table just such as the one here constructed. The sina 
of 90 was 00 equal to radius, and the sine of 30° to half radius: 
from the first could be found the sines of 45°, 225 307 and 11° 15°: 









tained would give, those of the complementary ares, or of 84° 15", 82° 
30 + 78° 45, 75°, ete.; and the sine of 75°, again, would give those of 
7° 30" and 18° 45", By retain So kame processes, the table of sines 
ण 8 twenty-four divisions of the quad- 
rant; 0 could yield nothing farther, प्रात by intro- 
ducing fractions of minutes; which was undesirable, because the symmetry 
of the table would thus be saga is | धतत no corresponding advantage 


gained; the table was already sufficiently extended to furnish, by inter- 


polation, the sines intermediate between those given, with all the accu- 
aoy Which the Hindu calculations required. ` os 
ae mt A Bed لبس‎ 9 were ملسم‎ to ascertain ॥ law of as, Hen ression for 
ह series, and to devise an empirical tule by which its members might 
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would soon be made complete for 
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| alter method, we have-added a column of the differences 
of age ety नवैः पु the sines rissa si into — 
parts © or the illustrating the acct of 
table, we have مغلم‎ 0 true values of the inex tm utube ak 
by our modern tables, Comparison may also be made of the deci- 


mal column with the corresponding values given in our ordinary tables 
of natural sines, 1 





Table of Sines चद Versed Sines, 





0 
The rule by which the sines are, in the text, directed to be found may 
illustrated as follows. Let , a’, 2/4", a!'", ote., represent the succes- 

Sines, The first of tho series, + is assumed to be équal to its arc, or‏ لل 
uantity, as is shown in the table above, it differs only‏ العا سكي 
by an amount mucl smnaller than takes any account of. Then‏ 
Fag her if | 11‏ 
भ niet र १4115 + 4‏ 
: ذ اكد صر جور | eras‏ 
a + a i‏ 2 5 
sat‏ 55 37 > 
१६ व 5 | ~ ॥#‏ ف 

a अ) سن ونين اهيا‎ oe ا‎ 2 ee, 

| ty lal il त oa inal ot 


= ie 
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which Wi य are performed, १ 

15. The eighth part of the minttes of a sign is called the first 
ine (jyirdha rh) that, increased by the reinainder left after sub- 
: ध m it the quotient arising from dividing it by itself, is 

os has dividing he tabul by the first, 

16. Thus, dividing the tabular sines in succession by the first 
and adding to them, in each case, what is left after subtracting 
the quotients from the first, the result is twenty-four tabular 
عرد‎ ae ع‎ 1 Pa انعد‎ ,» in order, as follows: | 

17. 10 hundred لمم‎ twenty-five; four hu and forty- 
nine; six hundred. oe ع‎ bey hee and ninety ; 
ms sp en. hundred and five; thirteen hundred and fifteen: 

18.4¥ifteen hundred and twenty; seventeen hundred and nine- 
teen; nineteen hundred and ten; two thousand and ninety-three ; 
_ 19. Two thousand two hundred and sixty-seven: two thous. 












and four hundred and thirty-one; two thousand five hundred 
and eighty-five two thousand seven hundred and معطا‎ 
20. ho 


tight: 

7 wo thousand eight hon and fifty-nine; two thousand 
nine hundred and hems | “eight three thousand and eighty- 
four; three thousand aoe undred and seventy-seven ; 

21. Three thousand two hundred and fifty-six: three thousand 
three hundred and twenty-one; three thousand three hundred 
and seventy-two; three thousand four hundred and nine: 

22. Three thousand four hundred and thirty-one; three thous- 
and four hundred and ars Aiea Subtracting these, in re 
po ese = the half-di er, gives the tabular versed- 
eines (uitramay apindaka) : 

23, Seven; twenty-nine; sixty-six; one hundred and savén- 

01 eighty-twag two hundred and sixty-one: 
fty : 


fi 


_ 24 Four hundred and sixty; five hundred and seyenty-nine: 


seven hundred and ten: £ ht hundred and fifty-three; one 


thousand and seven; eleven hundred and Seventy-one : ॑ 
"आ, Thirteen hundred and forty-five; fifteen hundred and 
twenty-eight; seventeen hundred and nineteen; nineteen hund- 


 " 36; Two thousand one hundred and twenty-three: two thous- 
and three handred and thirty-three; two thousand five hundred 
and forty-ci on ४; two thousand seven hundred and sixty-seven 3 

21. Two thousand nine hundred and cighty-nine; three thous- 
and two hundred and thirteen; three thousand four hundred and 
thirty-eight: these are the versed gines. ; 

We first present, in the sob; table, in a form convenient for refer- 
ence and use, "भ Hindu sines and versed sines, with the area to which 
a bona + the Latter expressed both in minutes and in degrees and 





minutes. ‘To facilitate the practical use of tho table in making calowla- 


three hundred and fifty- 








ॐ 
45 
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10. Mars and the rest, on account of their small size, are, 
the supernatural beings (d@ivata) called conjunction (cighrocca 
and apsis (mandocea), drawn away very far, being caused 
vacillate exceedin 

11. Henoe the ris ie and deficiency (rma) of these 
latter 33 very ng to their rate of motion. Thus do 
the planets, attracted by those beings, move in the firmament, 

on by the wind. 


The dimensions of the sun snd moon are stated below, in iy. 1 ; those 
of the other planets, in vii. 13 

We have ventured to translate ativegita; at the end of the tenth verse, 
as it 15 given above, because that translation seemed so much’ better to 
suit the requirements of the sense than’ the better-supported + क 
“caused to move with exceed ocity.” Inso doing, we have ol 
that the noun rega, of which the word in question is a denominative, re- 
tains something of the proper meaning of the root vj, “to tremble," 
from which it comes. 


12. The motion of the planets is of eight kinds: retrograde 
(vatra), somewhat retrograde (anuvakra), transverse (Aufila), 
slow (manda), very slow (mandatara), even (sama); also very 
swift (cighratara), and swift (cighra) 

13. Of these, the very ebb eri (atichglira), that called swift, the 
slow, the very slow, the these five are forme of the 
motion called direct (थि) ; the soniewhat retrograde is retrograde, 


This minute classification of the phases of a planets motion 18 quite 
म So far ws this SiddbAnta is the terms here given 
not once occur afterward in the text, with the single exception of 
vakra, which, with its derivatives, is in not infrequent قفن‎ to designate 












retrogradation, Nor does the Fe “aye nae take the trouble to 
the ६ differences of the of motion specified. According to 
Mr, (Oriental Astronomer [Tamil and English], Jaffna: 1848, 


p. 133), anwegkra is applied to the motion of a planet, when, in retro- 

grading, it passes into 8 Pennine: sign, From the classification givan in 
second of the two verses it will be noticed that Autila is omitted 

cording to the commentator, it is meant to be included among the forms 
retrognide motion; we have conjectured, however, that it might 

bly be use to deaigonate the motion of th planet when, a 

moment stationary in respect ५४५ ongitude, and mecordingly neither 

भ्ण: nor و سنو‎ is ng its latitude; and si have trans 

6 Wo 


14. By reason 6f this and that rate of m eos tea 
day, poe thus come to an accordance observed 
sae (dr;)—this, their correction (sphufikarana), I shall enre- 


بين 











Hav disposed of matters of general theory anil preliminary 

stion, the proper su of this chapter, the caloulation of the लाह 

01 of the ditferent planets, is ready to be 
ا‎ 





0.5 


The wormed. in _ 
tive and subtractive equation, mean literally “wealth” (dhana) and 
“debt” (rua), 

0. In like manner, also, ine node, eye by its proper force, 
causes the deviation in latitude (१ of the moon and the. 
other planets, northward and southward, from their point of 


declination (apakrama). 4 | ।: 

7. When in the half-orbit behind शः planet, the node causes 
it to deviate northward; when in the hall-orbit in front, it draws 
it syey southward. we 5 

the case of Mercury and Venus, however, when the‏ صلق 


node is thus situated with peers rd to the unction (cighra), 


these two planets are caused to deviate in latitud e,in the manner 
stated, by the attraction exercised by the node upon the con- 
j 01101. । 
The name RAbu, by which the nscending node is here designated, is 
opical, and belongs to the monster in the heavens, which, 








Sy aie uaotent Hindus; an 7 more than one other people, was believed 


ta ccoasion the eclipses of the sun and moon by attempting to devour 
them. The word which we have translated “force” is ranges, more 
ए म violent motion :” in employing it here, the text evi- 
dently mtends to sugrest on سه‎ छि कती, as coming from. the root 
rok orranh,“to rash on”: mn this same root Weber (Ind. Stnd. i, 
272) has connected the group جو‎ in which لثم‎ seems to belong. 





| For the Hindu لح اا‎ ibu, see Wilson's Vishnu Purina, p. 78. 


The moon's descending node was also personified in a similar way, under 
the oname of Ketu, but to this no reference is made in the present treatise, 
The description of the effect of the node upon the movement of the 
planet is to be understood, in » manner analogous with that of the effyct 
of the apices in the next eng passage, as referring to the direction 
in which the planet is made to deviate from the ecliptic, and not to that 
in Which it is m es, Pi with reference to the १ From the ascending 
node around to the descending, of course, or while the node is nearest to 
wo See from behind, tha latitude is northern; in the other half of the 
arolation it is southern, 
| Foran explanation of some Of the tarms used bere, sea the note to tha 
fst passage of i tit receding chapter. | . 

‘Asin the case of Mercury and Venus, the revolution of the conjunc- 
tion takes the place of that of the planet itself in its orbit, it is necessary, 
in order'to give the node its proper effect, that it be made to exorcise 
its influence upon the planet through the conjunction. The commen- 
tater gives himself here not a little trouble, in the attempt to show why 
aang and Venus should in this respect constitute an exception to the 

neral rule, but without being able to make out a vory plausible case. 


9. Owing to the समश tness of its orb, the sun is drawn away 


only a very little; the moon, by reason of the smallness of its 
orb, 15 drawn away much more; 














0 ^ iss 





Upon passing this point, the planet begins to fall behind कि ली place, 
‘but at the same time to gain velocity, مو‎ that’ atthe quadratare® itis 
farthest behind, but is moving at ite mean rate; during the next quud- 


“Fant it gains both in tate of motion and in oe lace, tintil at the म णः 


तः moving most ॥ reply, and has made op what it bef 
dost, so that the mean and eg ces corncide. Upon passing that point 
Bay ee upon its mean place during the first quadrant, and losés 
" ०,५५०.८ (मच during the secon, until mean and true place again 
coincide at + . Thus the equation of motion is greatest at the 
apsides, and noth =a vat the quadratures, while the त सक [856 += 
greatest at the क and त i the apsides; and thus the 
planet is وديم كلم‎ belind ita mean place while passing from the higher to 
the lower apsis, and always’ in advance of it while passing from the 
lower to the higher: that is, it is constantly drawn away from ‘its miran 
place toward the higher apsis, mand 03 a 

In treating of the effect of the conjunction, the cighroeea, we have to 
distinguish two kinda’ of eases. With Mercury and Venuw (see above, 
ا‎ 29, 31, 52}; the revolution of the conjunction takes the place, in the 
Hindu system as insthe Greek, of that of the planet itself, the conjunc 
tion being i as making the circuit © f the सता in the same 
time, and in the same direction, as the planet really revolvés- about the 
sun; while the mean place of these planets: is always that of the san 
itself While, therefore, the conjunction i» making t the half-toar of the 

| heavens eastward from the ean, the planet is mak me its eastward alon- 
gation and returning to the sun again, being all the time in advance 
of its mean place, the sun} when the conjunction reaches 8 point in the 
heavens opposite to the sun, the १५ iw in its inferior conjunction, or 
atits mean place; daring the other half of the revolution of the con- 
Junction, when it mignon oa te n the western side, the latter 
هد‎ making and losing ita western أن‎ ne tion, or is behind its mean place, 
Accordingly, as stated in’ the text, the planct is constantly vig hte 
from its mean place, the sun, toward that side of the: heavens in whi 
the conjunction is. 

Once more, as concerns the saperior planets) The revolutions عه‎ 
| न ned to these by the Hindus are their troc revolutions; their mean 
[तड are their mean helioventric longitudes: and the place of the eon- 
Junction (pighkrocea) of each is the mean place of the sun, Sinco they 
move ibut slowly, as compared with the sun, it is their = netion 
which approaches, overtakes, and passes them, and’ not they the cote 
junction. Their tine of slowest motion is'when in opposition with the 

sun; of ewiftest, when sabe apt with him: from — tion on to 














while behind their mean places, or drawn sheer أن‎ thom in the direc: 
tion of the sun; but no sooner has the sun overtaken and passed then, 
than they, leaving with their most rapid motion the point of -coinei- 
dence between mean ‘and: true place, are at once in ‘advance, and तछा 
tinue to be so until | tion is reached pasa. ade bis to say, thoy 
it Ya a wn pponion ie reached gui hg toy 

oonjunetion; id i bog. Bie اتوص‎ 4 


18 
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ل 
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192 بهذ‎ Burgess, etc, = fit 5. 


motions, regarded as being the real motions, of the planets, ليوات‎ 
wide difference between 9 spint of the प्रपत autos and that. 
the Greek is not less apparent here than-in the manner of presentation 
of the elements in the last oe pa the one is purely scientific, devis- 
ing methods for representing and calculating the observed motions, and 
attempting nothing farther; the other is not جهو مد‎ ५ | ricating 
a fantastic and absurd theory respecting the superhuman 1 owers whicl 
ecasion the movements with which it is dealing. The Hindu method 
has this convenient peculiarity, that it absolves from. all a عط‎ ty of 
dapting the disturbing forces 9 one another, and making them fo: 








otrical representation and mathe- 
pans th planets as actually moving in 
circular orbits, and the whole apparatus of epicyeles, given later in 
the chapter, as only a devices for estimating the amount of ८०५४ 
and of its resulting motion, exerted at any given point by the disturb- 

11 शर commentator gives. two different explanations of pon i rovector 
wind, spoken of inthe third verse: one, that it is the general current, 
mentioned below, in Fey as impelling the whole firmament of stars, 
and which, though itself moving westward, drives the -plancta, in some 
onerplained way, towards its own भ of motion, in the east; th 
other, that a separate १३५९६०५ for each planet, called provector on account 








of its analogy with that general current, althongh not moving in the 


same direction, carries them around in their orbits from west to east, 
cond. ing only the irregularities of their motion to be produced by the 
disturbing forces. This.latter we regard as the proper meaning of the 
text: neither is very consistent with the theory of the lagging behind ~ 
of the plancts, given above, in i. 25, 26, ऋ the explanation of their 
न | eastward motion, ‘The commentary also states more explicitly 
the method of production of the disturbance: a cond of air, equal in 
length to the orbit. of each pean less the disk of the latter itself, is 
attached to the extremities of its diameter, and passes ميم‎ गाह the two 
hands of the being stationed at the point of disturbance : he always 
draws it toward himself by the shorter of the two parts of नि. 
The term wees, which we have translated “apex,” applies both "fo the 
apsis (manda, mandocea, ibe ne of slowest motion”—the apogee in the 
ease of the sun and moon, the aphelian, though not recognized as such, 
in the case of the other planets), and to the conjunction (व, > ~ 
rocea, “apex of swiftest 0/0 ع("‎ The statement made of the like 
effect of the two upon the motion of the planet is liable to canse diffi. 
culty, if it be not, distinctly १ in mind.that the Hindus und क [अः 
the influence of the isturbing canse, not its acceleration and retards 
tion of the rate of the planet's motion, but its effect in giving to the 
planet a position in advance of, or behind, its mean place. It may be 
well, for the sake of aiding some of our renders to form a clearer appre- 
hension of the Hindu view of the planetary motions, to _ d and 


ill 





5 


principal disturbing forces. | 
_ First, as لسرم‎ la the apeis, This is the remoter extremity of the major 
atis of the planot’s proper orbit, and the point of its slowest motion. 


one consistent system, capable 
‘matical demonstration: it re 
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CHAPTER Il 


OF THE TRUE PLACES OF THE PLANETS. 


Cosrants --1- 8, ¢nuses of the irregularities of the planetary motions; 4-5, disturb- 
ing influence of the apeia and conjunction; 6-8, of the node: $-11, different 
degree of irregularity of the motion of the different planets; 12-18, different 
kinds of planetary motion; 14, purpose of this chapter; 15-14, rale for con- 
structing the table of sines; 17-22, table of sines; 22-27, table of versed sines: 
28, inclination of the ecliptic, and rule for finding the declination of any point in 
it; 29-30, to find the sine nnd cosine of the anomaly; 91-32, te find, by interpo- 
lation, the sine or versed ine corresponding to any given are; 29; to find, in like 
manner, the arc corresponding to a given sine or versed sine; 34-27, dimensions 
of the epicyeles of the planets; 38, to find the tron dimensions of the epicycle at 
any in the orbit; 29, to find the equation of the apsis, or of the centre; 
40-42, to find the equation of the conjunction, or the annual equation; 43-45, 
application of these equations in finding the true places of the different plancta: 
46, correction of the place of a planet for difference between mean and apparent 
solar time; 47-49, how to correct the daily motion of the planets for the effect of 
the apsis; 50-51, the aume for that of the conjunction; 51-55, retrogradation of 
the lesser planets; 56, correction of the place of the node; 57-58, to find the egles- 
tial Intitude of a planet, and its declination as affected by latitade; 69, to find the 
length of the day.of any planet; 60, to find the radius of the diurnal circle ; 
61-85, to find the day-ine, and the respective length of the day and night; 64, 
_to find the number of asterisms-traversed by a planet, and of days elapsed, since 
the commencement of the current revolution; €5, ta find the इतत 86, to find 
the current lonar day, and the time in it of a given instant; 67-09, of the divisions 
Of the lunar month called kurana. ed 


I. Forms of Time, of invisible shape, stationed in the zodine 
(Ghagana), called the conjunction (cighrocca), apsis (mandocca), 
and node (péta), are causes of the motion of the planets, | 

2. Whe planets, attached to these beings by cords of air, are 
drawn away by them, with the right and left hand, forward or 
backward, according to nearness, toward their own place. 

8, A wind, moreover, called provector (pravaha) impels them 
toward their own apices (ucca); being drawn away forward and 
backward, they proceed by aver ying motion. td 
if » The so-called apex (ucca), when in the half-orbit in front of 
th jor draws the ap Janet forward; in like manner, when in 
नः orbit behind the planet, it draws it backward. 

. When the planets, drawn away by their apices (ucca), move 

rward in their orbita, the amount of the motion es caused 18 
called their excess (diana); when they move backward, it is 
called their deficiency (rza). | 


In these verses is Inid before us the Hinda th ب‎ of the general 
nature of ‘the forces which produce the irregularities of the apparent 


Hindus: in this treatise, at least, the distance of the node from the 
apsis (mandocea) is not So = an element into the process for 
determining a planet's latitude. The other cause of variation is duly 
allowed for (see below, i, 57). 113 effect, in tho case of the three supe- 






tior planets, is to make their greatest Istitade sometimes greater, and 
sometimes less, than the inclination of their orbits, acco ng as the 


planet is nearer to us than to the sun, or the contrary; henee the values 
given in the text for Mars, Ju pier, and Saturn, as they represent the 
mean apparent values, as latitude, of the Leas atest distance of each planet 
fom the ecliptic should veary equal the inclination. “In the cave of 
Mercury ond Venns, also, the quantities stated are the mean of the differ- 


ent apparent values of 0 helioeentric latitude, but this mean 


is of course less, and for veal طبر‎ sp much Jess, than the inclination. 
Ptolemy, in the elaborate discussion of the theory of the latitude con- 
tained in the thirteenth book of his Syntaxis, has deduced the actual 


inclination of एय of the two inferior planets: this the Hindus do 


not seem to have attempted, =H 
We £ below. a م‎ we table of the inclinations of the 

orbits of the planets as determined by Ptolemy and by modern nstrono- 

mers, with those of the Hindus, so far as given directly by the Sirya- 


Jnelination of the Orbits of the Planets, according to Different Authorities 
Stiryo-Siddhdinta. £ | Moderns, | 





af न=. ॐ न 


Moon, 4 فد‎ 5 । 8 क 


“The verb in oo 63 and 99, which we have translated “caused to 
deviate,” is vi LrAipyate, literally “is hurled awny,” digicitur ; from it is 
derived the term used im this treatise to signi ify celestial latitnde, ritshe- 
pa, “disjection.” The Hindus mensure ‘the Istitude, however, as wae 
shall have occasion to notice more particularly hereafter, upon a cirele 


_ of declination, and not upon م‎ setondary to the व In the words 


chosen to designate it ix seen the influence of the theory of the node's 
action, as stated in the first verses of the next chapter. The forcible 
rémoval is from the point of declination (#rinti, मः ait,” or कल्यत, 
“withdrawal,” i. بع‎ from the celestial equator) which the planet ought 
at the time to oceupy. | । 





ven 9 | (ad مدن لد‎ 3 “subject, heading”) “كذ‎ 
nathyomadhikéra, which we fare موا‎ in the title by “mean 
motions of the عي‎ although it would be more accurately rendered 
by Bese aces of the real that is to aay, the data and methods 
requisite सु ining their mean places. Now follows the spashta- 
diukéra, “ chapter of the true, or dorrected, places of the planets.” > 


। | 


ere hae to this first chapter 
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i. 70.) , Shrya-Siddhdnta. 189 


69. Jupiter, to the ninth of that ह two; 
Mars, to the same amount m धिया three; . क Venus, 
and say gee tah Me nodes caused to devinte to the same 
amount multiplied by four. = | 

70. So also, twenty-seven, nine, twelve, six, twelve, and oe 
multiplied respectively by ten, give the number of minutes ¢ 
mean latitude (vikshepa) of the moon and. the rest, in their order. 


The deviation of the planets from the plane of the ecliptic is here 
stated in two different ways, which give, however, the same results; 








thus : 
Moon, se = o 37 3 16 == अनफा = "4ق‎ ॐ 
Mars, गतत छक = © उत 
Mercury, 4 = 120 > 29" + 19 च । 90 = *و‎ 
Jupiter, Kas Go! عه‎ कि ५६ 10. =. 6% كدت‎ 
Venus, x 4 = ५ or iM 10 = 120° = न 
Salorn, x 4 = 130 or 19" xX ون‎ == rao’ = 2 


The subject of the latitude of the planets is completed in verses 6-8, 
and verse 57, of the following chapter; the former passage describes 
the manner, and indicates the direction, in which the node an its 
disturbing effect; the latter gives the rule for calculating pparent 
latitude of a 5 lanet at any point in its revolution. 

There is a little discrepancy between the two specifications presented 
in these verses, as regards the description of the quantities peek 
the one states them to be the amounts of goa est, (parama) ion 
from the ecliptic; the other, of mean (madAya) deviation, Both de- 
scriptions are also somewhat inaccurate. The first is correct only with 
reference to the moon, and tha two terms require to be combined, in 
er to be made applicable to the other planets. The moon has tts 
greatest Intitude at 90° from its node, and this latitude is obviously 
equal to the inclination of its orbit to the ecliptic; for although its 
absolute distance from the ecliptic at this point of its course varies, aa 
does its distance from the earth, on account of the eccentricity of its 
orbit, and the varying relation of the (< of its apsides to that of its 
nodes, its angular distance remains unchanged. So, to an observer sta- 
tioned at the sun, the greatest latitude of an rene of the primary planets 
would be the same in its successive revolutions from node to node, 
and equal to the inclination of its orbit. Brut its greatest latitude as 
seen irom the earth is very different in different revolutions, both on 
account of the difference of its absolute distance from the £ ge ظ‎ 
when at the point of greatest removal from it in the two halves of its 
orbit, nnd, much more, on account of its varying distance from the earth 
The former of these two canses of variation was not recognized by the 
















In the next following ‘table is farther given a view of the errots of the 
determinations—both the absolute errors, as compared with the 
actual méan place of exch planetjand the relative, as compared with 
a ann, to 9 it is the aim of the Hindn astronomical 
systems to adapt the elements of the other planeta.” Annexed to each 
error is the approxima date at which it was nothing, or at which it 
will hereafter disappear, ascertained by dividing the amount of present 
error by the present yearly loss or gain, absolute or relative, of each 
planet; excepting in the case of the moon, where we have made allow- 
anc व according to the formula used by the American Nautical Almanac, 
for the acceleration of her motion. ` 


Error rof the Mean Longitudes of the Planets, ax calewlated according to 
५. तान مطل لق -سوجات‎ 


بس —— د .| لسك جروجو او 10 = سم 


Errore secording ها‎ text The same, with Bia: ` ` द्ध 
; [| न. | انام‎ ee | जि 7 مسا‎ | renee, | rai. to in, سا‎ 
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To complete the view of. the Reel? motions, and the statement of 
the elements nents requisite for ascertaining their position in the sky, it only 
remains peso give the movement in latitude of cach, its deviation from the 
الاج‎ + (न path of the ecliptic. This is 4००6.1॥ the concluding 





66 ‘The moon 7 its node, caused to deviate from the limit of 
its declination (fran), northward and southward, to a distance, 
of an. eightieth part of the minutes of a circle; 
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Poet ll 9 187 


‘This verse appears to us to be an astrological precept, asserting the 
regency of the sun and the other planets, in their order, over the sne- 
cessive portions of time assigned to each, to begin everywhere at the 
same instant of absolute time, that of their true commencement upon 
the त, so that; for instance, at Washington, Sunday, as 
the day placed under the guardianship of the sun, would really begin at 
eleven minutes before two on त Japp by local time. The 
ntator, however, sees in it merely an intimation of what moment 
of local time, in places east and west of the meridian, corresponds to 


the true beginning of the day upon the prime meridian, and he is at 


क्कः ` ` ins to defend the verse from the ch ange of being superfluous 
and untecessary, to which it is indeed liable, if that be its ४१ meaning. 
The roles thne far given have directed us only how to find the mean 
places of the planets at a given midnight. The following verse teaches 
5 method of ascertaining their position at any required hour of the 
ay. 
67. Multiply the mean daily motion fa pst by the number 
of nfdis of the time fixed upon, and divide by sixty: subtract 
the quotient from the place of the planet, if the time be before 
midnight; add, if it be after: the result is its place at the given 
time. 


The proportion is as follows: as the number of nAdis in a day (sixty) 
is to those in the interval between midnight and the time for which the 
mean place of the planet is sought, so is the whole any motion of the 
planet to its motion during the interval; and the result is additive or 
ere of course, according as the time fixed upon is after or before 
Midnight, | 


In order to furnish. practical test of the accuracy of this text-book 
of astronomy, and of its ability to yield correct results at the present 
time, we have calculated, by the rule given in this verse, the mean longi- 
tudes of the plancts for a time after midnight of the first of January, 
1860, on the meridian of Ujjayini, which is equal to the distance in 
time of the meridian of Washington, viz, 25° 28° 17,8, or 0442453; and 
we present. the reaulis in the annexed table, The lon क lea are given 
asreckoned from the vernal equinox of that date, which we make to be 
distint 18° 5" 8".96 from the point established by the Sirya-Siddhinota 


_ fs the beginning of the Hinda Spek sphere; this is (see below, £ nee : 


wii) 10" east of ع‎ Piscium, We have ascertained the mean places botl 

as determined by the text.of our Siddhinta, and by the same with the 
correction of the हीच, Added are the actual mean places at the time 
designated : i pres of the primary planets have been found from Le Ver- 
rier's elements, presented in Biot's treatise, ns cited above ;* those of 
the moon, and of her apsis and node, were kindly furnished us from the 
office of the American Nautical Almanac, at Cambridge. 
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63. When, in-a total eclipse of لفط‎ on, the emergence 
(unmilana) takes place after the 8 for its occur- 
rence, then the place of the observer is to the cast of the central 
meridians... ` my 

64. When it takes place before the calculated time, his place 
is to the west: the same thing sh ascertained likewise from 
the immersion (nimilana). Multiply by the difference of the two 
times in nddis the corrected circumference of the earth at the 


,. 00. And divide by sixty: the result, in yojanas, indicates th 
distance of the observer from the meridian, to the east or to the 
West, upon his own parallel ; and by means of that is made the 
correction for difference of longitude. : 

Choice is made, of course, of 9 lunar eclipse, and not a solar, for 
the purpose of the determination of longitude, because its phenomena, 
being (५. २4 unaffected by : parallax, art seen everywhere at the sume instant of 





solute time; and the momenta of total disappearance and first reap 


‘Pearance of the moon in a total eclipse are farther selected, because the 


‘precise instant of their ovcurrence is observable with more accuracy than 


‘that (of the first and last contact of the moon with the shadow. For 
the explanation of the terms here used sce the chapters upon eclipses 
(below, iv—vi), | 

___the interval between the computed and observed time heing gscer- 

tained, the distance in longitude (decdntara) is found by the simple 

Proportion: as the whole number of nfdis in ane | sixty) is to the inter- 
val of time in nAdis, so is the circumference of the earth at the latitude 

of the point of observation to the distance of that point from the prime 
meridian, measured on the parallel. ‘Thus, for instance, the distance of 

Ujjayinl from Greenwich, in time, bein 6 5४ مسق‎ 8१, and that of Washing- 
ton from Greenwich 54 हक 11" (Am, Nant. Almanac), that of Ujjayint 
from Washington is 104 115 199, or, jn Hindu time, 295" 28" 199, or 
26".4718: and by the proportion 60 : 25.4719 ¦ : 3096.76 : ५4 we 

obtain 1671.28 Fo Anus as the distance in longitude (derdntara)) of 

ashington from the Hindu meridian, the constant uantity to bean 
ployed in finding the mean places of the planets at Washington. 

We might have का that calculators so expert as the Hindus 
would em ploy न the interval of time directly in making the correction for 
difference of longitude, instend of reducing it first to its value in yojanas, 
That they did not measure longitude in our manner, in d ore ees, 61. 18 
ध to the fact that they seem never to have thought © applying to 
the globe of the earth the system of measurement by circles and divi- 
sions of circles which they used for the sphere of the heavens, but, even 
when dividing the earth into zones (see below, xii. 59-66) reduced all 
fheir distances laboriously to yojanas, 


06. The succession of the week-day (पता) takes pla ce, to the 
east of the meridian, at a time after manok equal 3 the differ- 












ence of longitude in nadis; to the west of the meridian, at 3 
५ 91 क च ८-- 19.810 16 1 ~ time before midnight. 8 | ~ 
7 
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But the circumstance which, actually fixes the, position of the ra 


of the rich: and: populous province, of MaAlava, - 


of 
ves its Jongitude as 76°,38', or 51/ to the east.of Ujayinl.. 









assigned , mighiijnot. be easy, to determine,. The “seat of the 
is is لسار‎ in ted at-the north pole (see below, xit. 34, etc.) 
त ian is usually styled that of [नण and “at "خطمه]‎ is, the 

9 عمس‎ made Use of im. this. treatise (as, for instance, above, ¥ 
ow, 1. 42) to desiguate either of no longitude or of 

no 





meridians, the situation of the city of Ujjayini, the Ofyry of the Greeks, 
the modern Ojein. . It pha in the text by one of its anqgent names, 





Avantl,._Itis the capita 
occupying the plateau of the Vindhya mountains ng north of the 
principal ridge anid. of the काष्ट Narmadh (Nerbudda), and from old 
time a chief seat of Hindu literature, science, and arts, . Of all the موعن‎ 
tres of Hindu enlture, it Jay. nearest to, the great, ocean-route by which, 
during the 2 three centuries of our era, so Important a commerce was 
ed on Between “Alexandria, a8 the mart'of Home, ard India and'the 
countries lying still farther east. That the prime meridian was made 
to pass throug h this city proves it to have been the cradle of the Hindu 
of mstronomy, or its principal seat daring. ite early history. | Its 
nctual-situation. is stated: by Warren (Kala Sankalita, p. 9) 25, lat, 23° 
11! 30" N., long, 75° 68’ جل‎ from Greenwich ; a later authority, Thorn- 
ton’s Graelteer of India (London: 1857), makes it to be in lat. 23° 10 N. 
long. 75° 47° E.; in our farther calculations, we shall assumethe latter 
Petition to be the correct one,’ 

The situatiin of Rohitakn is: not so clear; we have not suceceded in 
finding: न्यतो a place mentioned in-any work on the anerent geography 
of Indiv tonehich wo have access nor is it-to be traced upon Lassen 
map of ‘anciént Indias 4 A city called Rohtuk however, is mentioned 2 
Thorntow غم ;}836 مارم امسا‎ the chief place of m modern Brit 
distrivt of the same name, and its-situation, a little to’ the north-west of 
Delhi, in the midst of the ancient Kurukshetra, leads us to regard tt a8 
identical with the Robitaka of the text. © That. the merdian of Lank 

! فور‎ pas ८ 5 11111 9 (10 the Ine mor 













Cir, Gan., Vil. yi वष 

{जा and Ujjavini, and: touching the regu 

Tour me 2 by tie wise 

fmadhyarekhit) of the fanh.” (ण 

1 Which we lave’ transla- 

jacent lake,” as siti 1 Kurokshetra, Warren (as above) 

tikes the sme expreision 10 be the name of a city, which seems to us 
i روم عو‎ do we see that the word can properly 

to.” tract :ونان‎ we 01. it it safest to 

translate (1 the words of باجعا مطا‎ confessing that. we do not know 


to what ५५५ re 
I धाम جو ها‎ lace, we have here o 
e Hindu 1 of Jongiinde; 

























ol by which an, observer is to 
explained. 
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latitude being, in effect, the radius of the circle of latitude. Radius and 
cosine of Intitude are tabular numbers, derived from the table to be 
given afterward (see below, ii. 17-21). This treatise is not accustomed 
to employ cosines directly in its caleulations, but has special names for 
the complements of the different arcs which it has occasion to nse. 
atitude is styled aksha, “axle,” which term, as appears from 
xii, 42, is employed elliptically for akshonnati, “elevation of the axle,” 
ie. ‘pole: ” lamba, co-latitude, which properly signifies pals 
ging, dependence, falling off,” is accordingly the he pression of the pole 
or its distance from the renith. Dhrections for finding the co-latitude 
are given below ८८ 13, 14). 

Thi he latitude of Washington being 38° 54’, the sine of ‘its co-latitude 
is 2675; the proportion $438 : 2675 :: 5059.04 : 3096.75 gives us, then, 
the earth's circumference at Washington as $936.75 yojanas. 


न the daily motion of az lanet by the distance 
longitude (de ) of any place, and divide by its corrected 
खा; 


` 81. The quotient, in minutes, subtract from the mean position 
of the planet as found, if the pe lace be east of the prime meridian 
(rekh@); 810, if it be west; result is the planet's mean po- 
sition at the given place ١ 


The rules previously stated have ascertained the mean places of the 
| १० nets at a iy midnight upon the prime meridian; this teaches us 
how to find them for the same midnight upon any other meridian, or, 
how to correct for difference of longitude the mean places already found. 
The proportion is: as the circumference of the earth at the latitude of 
the point of observation is to the part of हाट ag i between that 
point and the prime meridian, so is the Whole dai |B motion of each 
planet to the amount of its motion during the time between midnight 
on the one meridian and on the other. The distance in ae ritade 
(depdntara, literally “difference of region”) is estimated, it will be ob- 
gerved, neither in time nor in arc, but in yojanas, How it is ascertained 
ne below, eee ne 78 1 site 3 

| geographical position o € Prime meri rekhd, literall 
“ line”) is next stated, : ५ 


02 ل الي‎ upon the line which passes through the haunt of 
नः ( ikshasa) and the mountain which is the seat of the 
gods, are Robitaka and Avanti, as also the adjacent lake. 


The “haunt of the demons” is LankA, the fnbled seat of RAvana, the 
chief of the RAkshasas, the abduction by whom of Rama's wife, with 
the expedition to LankA of her heroie husband for her rescue, its عع‎ 
complishment, and the destruction of RAvana and his people, form the 
subject of the epic poem called the Rimfyana. In that poem, and to 
the general 2 of the Hindus, Lanka is the island Ceylon; in 
the astronomical geography, however (see below, xii. 9). it is a city, 
situated upon the equater. How far those who established the meridian 













may have regarded the actual position of Ceylon as identical with that ` 
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| not to vary far éighteen inches; but the hi measures 
one relation to it. य Uae 
mee toy sarap ل ا ااا‎ igh d as com- 
posed of 16,000 cubits; and it is accordingly estimated by different حسم‎ 
thorities at from four and a half to rather more than ten miles 
This uncertainty is no merely modern condition of things: Hiuen-Theang, 
the Chinese monk who visited India in the middle of the seventh cen- 
tury, reports (see Stanislas Julien’s Mémoires de Hiouen- 5 59 
etc.) that in India “according to ancient tradition Pl yojana equals forty 
li; accordi customary use of the Indian it is thirty 
Ki; but the yojana mentioned in the sacred books contains only sixteen 
this smallest yojana, according to the value of the ا‎ given Bagi 
liams (Middle Kingdom, 1, 154), being equal to from five to six ish 
miles. At the samo time, Hiven-Theang states the subdivisions of the 
ojana in 9 manner to make it consist of only 16,000 cubits. Soch 
eing the condition of things, it is clearly impossible to appreciate the 
value of the Hindu estimate of the earth's dimensions, or to determine 
how far the disagreement of the different astronomers on this point may 
be owing to the difference of their standards of measurement. Arya- 
(see Colebrooke’s Hind. Alg. p. xxxviii; Essays, ii. 468) states the 
diameter to be 1050 yojanas; Bhaskara (SiddhQir. vii. 1) grves 
it ॐ 1581: the latter anthor, in his Lilavati(i. 5, 6), makes the yojana 
consist of $2,000 cubits, 

The ratio of the diameter to the circumference of a circle is here || 
made to be 1 710, of 173.1623, which is no very Near approximation. 
Tt is not 8 little surprising to find this determination in the same treatise 
with the much more accurate one afforded by the table of sines given m 
the next chapter (rv. 17-20), of 3438 : 10,800, or 1: 3.14196; and then 
farther, to find the formerpand not the latter, made use of in calculating 
the dimensions of the planetary orbits (see below, xii. 83), But the 

also in other astronomical and mathematical 

authorities, Thos क (see, Colebrooke, as above) calculates the 
earth's circumference from its diameter by the ratio 7 : 22, or 1: 3.14280, 
makes the ratio 1 :./10 the basis of his table of sines, and Brahma- 
gupta and Cridhara also adopt the Intter. BhAskara, in stating the 


पाशि लात at 4967 ० very near the troth, smce 
1581: 49867 : : 1 : 3.14108 : his (v. 201) gives 7 22, and also, 
جه‎ more exact, 1250: 3927, or 1:3.1416. This subject w reverted 
to in connection with the sieges} 

The greatest. circumference of the earth, as calculated according to 
the data and method of the text, is 5059.556 yojanas. The astronomical 
1 ana must be regarded as an independent standard of measurement, 

which to estimate the value of the other dimensions of the solar 
system stated im-this treatise, Tio make the earth's mean diameter cor- 






















rect as determined by the Sfrya-Siddhanta, yojana ‘should equal 
apart inne erin to make the circumference correct, it should equal 


“The rule for finding the circumference of the earth upon ॐ न 
fantode funded ‘upon'a simple proportion,-via, rad. : ona: Intitud: 
tire, of earth st equator:do, at the given parallel; the cosine of the 
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Tn the translation given en above of the second half of verse 68, not > 
little violence is done to the natura! construction, This would seem to 
require that dt be rend 3 1; “and the rest are in whole (have 

position which is without a remainder of degrees); they, being of 
slow motion, are not stated here.” But the actual condition 10 
at the epoch (५ necessary the former translation, which خوط ذا‎ of 
oe OTE also. We cannot ayoid conjecturing that the natural 
renderin, Be Dead عراس‎ 7 ae ihe original one, and that a su neg hae 1 


nts of 1 

0 tion to be put upon the passage. 
‘The commen ves. the positions of the es and nodes 
of the nodes, pea ee We Be for the "2 end of the 
Age, but, strange! ay soe both in the printed edition apd in our manu. 
script, commits the blunder of givin of Saturn's node a. 
second time, for that of his apsis, and also = ما سطع‎ the seconds of the 
position of the node of Mars 12, instead of 24, We therefore add them 
below, in their correct form. ` र 


Motion of the Apsides and Nodes of the Plancts ها‎ the End of the last 
(olden Age 


५ 


न i‏ | 7ن 
Sun, (175) © 7 38 33‏ 
Mercury, (41 5 4 4 ~ | (220)‏ 
Mane 241) tt 13 ar ०‏ 
जवं | (96)‏ 44 3 3 )93( | 
०| (78)‏ © 9 ه )#7( Jupiter,‏ | ` 
Saturn, (7) 7? 39 ॐ ad | (ग्य‏ | 





























= 
= 
- 

= 






भ्व 
cee 


aust 
४8४३. 


The method of ha mean places of the planets fo midnight 
on | ving been now fully explained, the treatise 
proceeds to show how they y be found for other places, and | 
times of the day. To this the first requisite is to know the dimensions 


Boreas Sp the diameter of the earth: 
square of that is the earth's cir- 


60. This, multiplied by the sine of the eo-latitude 
of any place, and divided by (trijfed), is the 
Asphuta) circumference earth place, 





There is the same difficulty in the of ascertaining the exactn 
of the Hindu measurement of the ५५९९ as of the Greek ‘the Baan 
tain value, eae of the unit, of measure employed. ‘The yorana ig 
ordinarily divid 1. €> distances to which > certain 
cry may be heard); the Arora into dhanus “bow-lengths.” or denda, ` 
“poles;” and these again into Aasta, “ eubits, By its origin, the latter 


7 ٠ ١ ~ ومج و‎ Gee * The printed edition, by-an error of the prem, gives 4 = 
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stated above to have a slow motion—their position cannot be 
expressed in whole signs. The 

It is corions to observe how cm tia Ge Siddhinta, lest it should seem 
to admit 2 later origin than that which it claims in the second verse of 
this chapter, is compelled to ignore the real astronomical epoch, tho 
beginning of the Iron Age; and also ‘how it avoids any open recog- 


nition of the lesser eyele of 1,080,000 years, by which its calculations 
are so evidently intended to be made, أ ا‎ Sots 

The words atthe end of verse 66 the commentator interprets ~ mean : 
“from the beginning of the current, i,¢, the Silver, Age.” In this he 
is only helping to keep up the pretence of the work to immemorial an- 


tiquity, evel going therein beyond the text itself, which expressly 





taken | fe 
any desired (ishtatas) yuga.” Possibly, however, we a taken |g 
be = Age,” i.e, اس‎ of an Age.” Bee © word yuga comes from 


the root swy, ^ {5 join " (Latin, jungo; Greek, दव्य ण्ण : the word itself 
15 भ same with jagum, ०6५), and seems ما‎ have been originally ap- 
plied to indicate a cycle, or perio 2 by means of which. the conjunction 
or correspondence of discordant modes of reckoning time was a # up; 
thus it still significa also the /usirum, or eycle of five years, which, with | 
an intercalated month, anciently maintained the correspondence of the’) / 
year of $60 days with the true solar year. From such uses it was trans- 
ferred to designate the vaster periods of the Hindu chronology, Reyne + 
Shei As half an Age, or two of the lesser periods, are accounted to have ب‎ | 0; न 
d between the end of the Golden and the beginning of the Iron "र AY 
Age, the planets, at the latter epoch, have again returned to 9 2 وس‎ | १" - दीन्‌} 
of mean conjunction: the moon's node, also, هذ‎ still in the first of Libra, <i +त 
but her apsis has changed its place half a revolution, “ها‎ the first of | | jess 
ei see above, under vv. 29-94). The positions of the apsides and 911 
nodes of the other planets at the same time have been क्यो जक | > = 
ac ‘Hindu 0 orrespond iff with 
The Hindu names of the signs corre: in signification with our own, 
having been brought into India from the West. क्न in 
rork any al to them as constellations, or as having any fixed 
١ wir own in the hea : they regen Be ly the ames of the १ 
क~ (rd¢i Pha) into which any circle is divided, and jt is left 
to be d ed by the connection, in any case, from lenge sere! 
shall be counted. Here, of course, it is th e initial point of the fixed 
Hindu ag (see above, under v. 27). As the signs are, in the sequel, 
frequently cited by name, we present annexed, for the convemienet of 
reference of those to whose mammory Shey are not familiar in the order 
١ of their succession, their names, Latin and Sanskrit, their numbers, and 
the ea figures ا‎ used to represént them. ‘Those enclosed. مذ‎ 
acketa do not chance to occur in our text. | | 
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2 4 mesha, aja, | =e he 3 =, بلاس‎ 14 | = 
Taurus, ण भवस, क व Mm (नभ्य क | Ot , 
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amount of movement to signs shows us that the current year is the 
501th since the epoch: divide this by 60, to cast out whole cycles, and 
the remainder, 30, is the number of the year in the current cycle. This 
^ ives the names of th mere ot Aap iter, but, as in the 
case mo 5 sendy aii fps etl مج لجا ص مف‎ «« 
assumes them .ها‎ ay familiarly known in their succession: we 

ngly ow. We take them from Mr. Davis's paper, 
Sheed chore aa tating cones cot any original thority 
which contains 





a1. Promidin. 
aa. Ananda 















,. 49 Virodhalrt. ظ‎ 
| अम Paridhiivin, 40. ^ प 2 Nendana. 

١ आ appears, then, that the current year of Jupiter's cycle is named 
Prajipati dividing by the planet's mean daily 4# sae ५ of 
the current sign رو‎ passed over, it will be found that, aceo ng to 
oop that year commenced on the twenty-third of February, 1859; 

or, if the correction of the bija be admitted, on the third of April. 
it is thus evident that the Strya-SiddhAnta regards both 
the existing order of things and the Iro as having begun with 
accow as the first, but as the 
म Sp the بل نج‎ which is thus made to commer ce with 
of 1 ight perhaps throw 

6 cy 


it सक्‌ ४ ¢ upon the origi oe اميه‎ 2 
ء:‎ ing time is called (see below, xiv 1,2) the 
 bdrhaspatya mina,“ measure of Jupiter 


1 The bt eases which have’ thus been’ stated in full detai] 

aro practically applied in an abridged form. 'The calculation of 

the mean place of the planets may be made from any epoch 
) that may be fixed 

57. Now, at the end éf the Golden Age (kria yuge), all the 

planets, by their mean motion—excepting, however, their nodes 

0 0 भ pare in conjunction in the first of Aries, 


its node is ip the first of Libra and the Test, which hive been 
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since saves epoch. In the cases of the moon's apsis and node, however, 
it Was necessary to employ So aoa ema of revolutions given for the 
whole Age, these not being divisible b ferent and also to add to their 
ascertained amount of movement their longitude at the epoch (see below, 
under rv. 57, 58). | 
(^, 1 ascertained the places of the conjunction 
धि) and apsis (mandocca) of each ati which have been 
mentioned as moving eastward ; and in like manner of the nodes, 
which have 9 retrograde motion, subtracting the result from a 
whole circle, (- a | | 
The places of the apsides and nodes have already be given above 
(under vy, 41-44), both for the commencement of the Iron Age, and 
i A. 10: 1850, The place of the conjunctions of = three superior 
planets is, of course, the mean longitude of the sun. In the case of the 
inferior planeta, the place of the conjunction is, in fuct, the mean वम = tol 
the planet itself in its proper orbit, and it is this which we have given far 
Mercury and Venus in the precedes ceding table: while to the Hindu appre- 
hension, the mean place of those planets is the same with that of the sun. 
55. 1 ily by twelve the past revolutions of Jupiter, add 
the signs of the current revolution, and divide by sixty; the 
remainder marks the year of Jupiter's cycle, counting from 
Vijaya. 
This is the rule for finding the current year of the epee le of sixty 
years, which is in use throughout all India, and which is called the ملعي‎ 
of Jupiter, because the length of its years is measured by the passage 
of that planct, by its mean motion, pig ogh one sign of the zodiac, 
Aceording to the data given in the text of this Siddbinta, the length of 
Jupiter's year is 36140438"; the correction of the की makes it about 
125 longer. Tt was doubtless on account of the near coincidence of 
this period with the true solar year that it was adopted as a measure of 
time; but it has not been satisfactorily ascertained, so far as we ara 
aware, Where the cycle originated, or what is its age, or why it was 
made to consist of sixty years, including five whole revolutions of the 
planet. There was, indeed, also in tse a cycle of twelve of Ju ta 
years, or the time of one sidereal revolution: see below, xiv. 17 vis 
As, Res, pay عد‎ etc.) and Warren (Kila Sankalita, p. 107, etc.) have 
treated at some length of the greater cycle, and of ferent modes 
र : 














In illostration of the rule, let us ascertain the year of the eycle cor- 
respond 09 १ क, 4.10, 1559. It is not necessary to make 





the calcula 2 from. pike the creation, as the rule contemplates + for, since 
the number of J motte revolntions in the period of 17,080,000 years is 
divisible by five, a certain number of whole cycles, without 8 remainder, 
Wt Have elapsed at the beginning of the Tron Age... The revolutions of 
the planet sinee that time, as stated in the table st given, 

it iy in the 3rd sign of the 419th revolution: the reduction 





are 418, and 








twenty-four hours 

ney depends, it follows that the ape 
tem was of foreign origin, and introduced into India along with 
elements of the modern sciences of astronomy astrology, to which 
it. belonged, undation, the lordship of the successive h 
weagre (xn, 78) to have been also known to the 
ne by which the hours are there called [जै ==) 
question the source whence they derived it, 


Mul 6 (dinardgi) by the number of 
revolu f any planet, Bie be لسسع م‎ = of civil 
aya: the result 5 the position of that planet, in virtue of its 
Mean motion, in revolntions and parts of 8 revolution 


2 oer थः of prion iy bese days is = 
1611 هد‎ stated in ॐ عن‎ ^ position 8 et, 
ete, the text has, according to its usnal succinct mode of expressio 
توه‎ erhardh apse revolutions, ete.” There is no word for “ po- 
or“ place” in the vocabulary of this Siddhinta, 
This verse gives the method of finding the mean place of the planets 
ara الا‎ for-which the sum of days has been ascertained, by 
१ proportion 95 the number of civil days in a period is to the 
aber of revolutions during the same period, so is the sum of 
the number of revolutions and parts of a revolution accompl 
to the given time. Thos, for the sun 
1,5771917,896 : 4)320,000 : : 71 كبن عق "مقو 155,854 108,575 لداية‎ gat نج‎ 
The mean Jonjitade of the sun, therefore, Jan. Ist, 1860. at mi nigh 
on the meridian of 1१1 257° 48" ५, We have calculated in 
manner Positions of all the planets, and of the moon's apsis and 
node—availing ourselves, however, of the permission given below, in 
verse 66, and reckoning only from the Inst epoch of conjunction, the be- 
ing of the Tron Ave (from which time the sum of dave is 1,811,945), 
so employing the numbers afforded by the lesser period of 



























1,080,000 years—and present the restilts in the following table. 
Mean Places of the Planets, Jan. 1st, 1800, midnight, af Ujjayint. 
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5565 Presiding عاط‎ Boccesien, هه‎ Lord of 

3 py اما تقبو امم رق : ار كك‎ 
Havivira, Sunday, Sun, 1 1 1 ॥ 
- Monday, Moon, a 9 6 ° <4 
Mangalarira, Tuesday, Mura, क, -ॐ: eu) नव 
Budharira, Wednesday, Mereury, كك‎ 66 > 3 
Guruvira, Thursday, Jupiter, ait कः 08 
Cukravira, Friday, VFeuns, G6  -अ. -# 
Saturday, Satur, + 4 3 5 


As the first do “Bachar. subsistence of the present order of things is 
rg fet to have been a Sunday, it is only necessary to divide the sum 
of days by seven, and the remainder will be found, in the first column, 

gr 1 the name of the planet to which the required day belongs. 
us, taking the sum of days found above, adding to it one, for the first 
of January itself, and dividing by seven, we have : 


7} 71d dod, 108,573 
103,057,729,795—1 
The first of January, 1860, accordingly, falls on a Sunday by Hindu 
oe » هه‎ by our own, 
On referring to the table, it will be seen that the lords of the months 


follow one another at intervals of two places, To find, therefore, Wy a 
summary process, the lord of the month in -which occurs any given day, 
first divide the sum of days by thirt ४ the quotient, rejecting the re- 
mainder, is the number of months elapsed; multiply this by two, that 
each month may posh the succession forward two steps, add one for the 
current month, divide by seven in order to get rid of whole series, and 
the remainder is, in the column of lords of the day, the number of the 
regent of the month required. Thus: 
ॐ) 714,404,108, 573 
23,813,470,285-+ 


207 


707,66, _بصبج‎ 1 
6503 648,55a—7 
The regent of the month in 5 estion is therefore Saturn. 
ह raf) € Process is foand the lord of the year, saving that, as the 
ords of the yi ceed one another at intervals of three places, the 
multiplication y three instead of by two. Upon w क designates ing out the 
Shaped will Pe and that the final remainder is five, which desig 
u sree ايا‎ So? bathed لطا‎ 
xcepting here snd tn th parallel passage xii. 77, 78, no reference is 
male ध 6 धाक 11110012 to the week, or to the names of its days. 
Indeed, it is isda to speak of the week at all in connection with 
India, for the Hindus do not seem ever to have regarded it as a division 
of time, or a period to be reckoned by; they knew only of a certain order 
of succession, in which the days were placed under the regency of the 
seven planets. And since, moreover, as remarked above (ander vv. 11, 
Tork, VE ry} 
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Burgess, ele, = 











other by 11२७९24 (0) er. roduct, and divide by seven: 
the ‘vennatiicles 6 1४ lors 
These verses explain the method of ascertaining, from the sum of days 
yeh found, the at aed anet which is accounted to preside over the day, 





a नणि क ne ee 
1 ^| 


of the month and of the 


and also those under whose charge are placed the month and year in 
which*that day occurs. 5 : 

To find the lord of the by to find the day of the week, since the 
latter derives: its name from the former. The week, with the names and 
succession’ of its days-is the same in India na with us, having been 
derived to both froma common source. ‘The principle upon which the 
-assigoment of the ds ys to their respective guardians was made has been 






ided down by ancient authors (see Ideler, Handbuch ل‎ math, u. tech, 
00 nologie, i, 178, ete.) and is well known, It depends upon the 
division of the day into twenty-four hours, and the assignment of each 
of these in succession to the planets, in their natural order; the day 
being وعدا‎ as under the dominion of that planet to which its first 
hour ~ Thos, the planets baie set down in the order of their 
Proximity to the earth, as determined by the ancient Se of चज 
tronemy (for the Hindu; see below, xii. ` 54-58), begins ng with the 

-remotest, as follows + Saturn, Jupiter, Mars, sun, Venus, Mercury, moon, 
and the first hour of the twenty-four being assigned to the Sun, as chief 
of the planets; the second to Venus, ete., it will be found that the twentr- 
fifth hour, or the first of the second da 4 belongs to the moon: the forty- 
छि, त प्राह first of the third day, to Mars, and so on, ‘Thus is obtained 
anew: وعم‎ ce ا‎ या of the: plancts, and this is the one in’ which this 
Siddbinta,-when referring to them, always assumes them to stand ( wine, 
for instance, below, 1 4 1, 85-87): it has the convenient property 
that bys it the sun and moon are separated from the other planets, fram 
which they are 7 مع‎ many peculiarities distinguished. Upon this order 
seen end the rulea here given for ascertaining also the lords of the month 
and of the year. The latter, as ao both from the explanation of 
the commentator, and from the rules themselves, are no actual months 
and years, but periods of thirty and three hundred and sixty days, fol- 
ae oné another in uniform succession, and supposed to be placed, 
like the day, under the ورمعل دي‎ of the da to whom Bel ong 
their first Toto tigen the lord of the day is the ions of its first 
ors me e lord of the month is the lord of its first day (and so of its 
mt hour); the lord of pe gear 15 the lord of its first month (and so 
of its first. day and hour). We give below this artificial arrangement 
#f the planeta, with the order in which they are found to succeed one 
another as lords of the.poriods of one, thirty, and three hundred and 
ut ber days ; aoe their natural. order of succession, as lords of the 

hours; aud we farther Bs refix the ordinary names of the days, with their 
Eng पन | equivalents, er of the numerous names of the planets, it 
is. to be remarked, may be put before the word wéra to form the name 
of the oy: محلم‎ itself means literally "Successive time,” or “ turn,’ 
(44 is no poe far. as we are aware, in any other connection, to 
ads ula مسري و يحي‎ ce / | | । 
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side”), lasts from new moon to full moon, or while the moon is waxing; 
the other, called the dark half (कश्य paksha, “black side”), lasts from 
full moon to new moon, or while the moon is ५४; न 5 

The table shows that Jan, 1, 1880, is the ecigh ¢ of the tenth 
month of the 406144 year of the Iron Age. The time, then, for which 
we have to find the sum of days, is 1,955,884,000 इ~ 9m. 7d. 


multiply by number of scolar months in a year, 13 
Number of months, 23,470,019,520 
add months elapsed of current year, 9 
Whole number of months elapsed, 23,470,8195a9 


_ Now a proportion is made: as the whole number of solar months 
in an Age is to the number of intercalary months in the same period, so 
is the number of mouths above found to that of the corresponding 
intercalary months: or, 

+ 703 .731,384 : ودكيو:قبه47ب3ه : :1,593,336 :51,840,000 





Whole number of months, as above, 23,470,619,539 
add intercalary montha, 731,384 703 
Whole number of lunar months, 24,192,004,933 
multiply by number of lunar days in a month, عن‎ eae 9 Jo 
Number of hinar days, 735,766, 6.60 
add lunar days elapsed of current month, 7 
Whole number of [पा days elapsed, 729, 700,126,907 
To reduce, agnin, the number of Innar days a. | found to the corres- 
ponding number of solar days, a proportion is mille, as before: as the 


whole number of lunar days in an Age is to the number of omitted Janar 
days in the same period, so is the number of lunar days in the period 
for which the sum of days is required to that of the corresponding 
omitted lunar days: or, 


1,604,000,080 + 35,089,259 : : 725,76a,1 36,957 + 11,356,018,395 + 


Whole number of lunar days as abore, 725, 760,196,967 
doduct omitted lunar days, 1 11,356,018,395 
Total number of civil days from end of creation موه يم بي أل‎ 

to beginning of ee, 1560, ( 7iddod, 168,573 


This, then, is the required sum of days, for the b beginning of the year 
द 1800, at midnight, upon the Hindu prime es Fah न < 

= first use which we are instructed to make of the result thus ob- 
is an astrological one. 

51.... From this may be found the lords of the da y, the 
month, and the year, coun the sun. If the number be 
ree with the sun. | 

| a ivide the same number by the number of days in a 
month and هذ‎ year, multiply the one quotient by two and the 
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thus obtained: the remainder is, at midnight, on the meridian of 


ह ‘The sum of days, infeiyil reckoning... 





1 ١ In these verses is tanght the method of one of the most im portant 
and frequently recurring processes in Hindu Astronomy, the finding, 
| namely, Eads umber of civil or natural tn which have elapsed at 

any given date, reckoning either from the |. pene of the present 
creation, or (seo below, ४, 56) from any required epoch since that time, 
In the modern technical language, the result is uniformly styled the 


ahargena, “sum of days ;" that precise ‘term, however, docs not once 
occur in the text of the Sirya-Siddhinta: in the present passage we 
have dytigana, which means tho same thing, and in verse 63 dinerdei, 
“heap or quantity of days 1 
1 The ‘process will be best illustrated and explained by an example. 
। Lat it be required to find the sum of days to the beginning of Jan. 1, 
1860, ش‎ 


It is first necessary to know what date corresponds to this in Hindu 

reckoning, We have remarked above that the 4060th year of the Tron 

Age is completed in April, 1859 ; in order to exhibit the place in the 

next following year of tho date مدا‎ and, at the same time, to pre- 

| sent the names and succession of the months, which in this treatise are 

= assumed as known, and are nowhere stated, we have constructed the 


4 following skeleton of a Hindu calendar for the year 4061 of the Iron 


a 8. Mirgacirsha, Nov. 15, do 8, Karttika, Oct. 27, do. 
+ 111:92 Pinha, ١ اعمط‎ 15, do, % Mirgaginha, Nov, 26, do, 
ro, Migha, — Jan, २३, 1860, eae pene, عم‎ 35 ‘do, 

= i, Phillguna, 7०४. 11, do. 1 Migha, = Jan. a4, 1860. 
3 13. Caitra, Mar, 13, do 12. Phalyuns, Feb. a2, do, 


it (१; 4 re a, Cilitra, Mar. 53, da, 
1 _Ahe names of the solar months are derived from the names 
4 asterisms (see below, chap. viii.) in which, at the tims of ८ i 
مع‎ designated, the moon was full Eating sete continuance, The same 
t ee: the’ first, called the light half (rubla paksha, “ bright 








1ك 


46. The twenty-seven Ages (yuga) that are past, and likewise 
the present ton, already Age (kria neh fro from their sum subtract the 


e of creation, : ms of divine years, 
47. Tn solar years: the result is the time elapsed at the end of 
the Golden Age; ष ) One billion, nine hundred वगत fifty- 
three million, seven hundred and twenty thousand solar years. 
We have already presented this computation, in full, in the notes to 
verses 23 and 24, ظ‎ 
_ 48. To this, add the number of years of the time. since 
POR gn 
As the Strys-Siddhints professes to have been revealed by the Sun 
about the end of the Golden Age, it is of course precluded from taking رد‎ 
any notice of the’ divisions of time posterior to that period: there is - +“ 
nowhere in the treatise an allusion to any of the eras which ‘are actually | / ‘a 
made use of by the inhabitants of Indin in reckoning time, with the ex- | 
ception of the / cle of sixty years, which, by its nature, is bound ده ما‎ , = न 
date or period (see below, v. 55), The astronomical era is the لصم‎ -\1 
mencement of the Iron Age, the epoch, according to this SiddhAnta, नः ده‎ 
the last general conjunction of the planets; this coincides, as stated 0 
above (ander vv. 4 with Feb. 18, 1612 J. P., or 3102 B,C. From + ' 
that time will have ad, pon the eleventh of April, 1859, the 44८0 


a = 





number of 4960 complete sidereal years of the Iron Age. The com- _ pe थ a | 
putation of the whole fo from the beginning of the present order 05 8 ot 
of things, is then as follows : „182. 
ह 0 end of creation to end of last Golden Age, 1,954,720,000 
aver Ae, 1,296,000 
Of Iron Ago, 1 3,76.4 प्रत 
Total from end of creation to April, 1859, 1,955,884, 960 


Since the Strya-SiddhAnta, as will appear from the following verses, 
1 ns by Inni-solar years, it regards as the end of 1. A. 4960 not 
fie end of the solar sidereal year of that number, but that of the luni-, 






solar year, which, by Hindu मन; is completed upon the third of | ४ 


the same month (sce Ward, Kala ta, Table, مم‎ उ). 


45..-- Reduce the sum to months, and add the months 
00 of the current year, beginning with the licht half of 
tra. 


49. Set the result down in 0 laces; multiply it by the 
number of intercalary months, and divide by that of solar 
months, and add to the last result the number of intercalary 
months thus found; reduce the sum to days, and add the days 
pa of the current month ; 9 

. Set the result down in ho. glass وت‎ it by the 
number (क and. 20 that of pti 
a | gun 0 





subtract from the last result the number of or 


= ; 


te 
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The data of the A 








tions given in the table are calcniated, : 


are derived from Bentley 


revolutions; or, in the case of the य which the motion is 


retrograde,‏ سقو 


strograde, the number of whole rovolations of which each falls short 
by the amount expre expressed d by its position. era! at 
The almost universal disagreement of these four authorities with 
respect to. the number of whole revolutions accomplished, and. their 
general agreement as to the remainder, which determines the position,” 
prove that the Hindus had no idea of any motion of the spsides and 
nodes of the planeta as an actnal and observable phenomenon: but, 
knowing that tho moon's apsis and node moved, they fancied that the 
symmetry of the universe required that those of the ५ + planets should 
move also; and they constructed their systems according 
too, as will be seen at the beginning of the second chapter 












= == 


that the 
ice upsides, as well as the conjunctions (cighra), were beings, 
+ in the heavens, and exervising A physical ( over their 
-Tespective plancts, and, as the conjunctions royolyed, so must these also 
Tu framing their systems, then, they. an ed to these points such a 
क 1. in an on عم‎ should, without attributing ما‎ them 
any motion which admitted of detection, make their positions what they 

ए] श od them actually to be. The differences in respect to the number 
of revolutions were in part rendered necessary by the differences of other 
features of the «ystems; thos, while that of the Santen pg Ciromani 
makes the planetary motions commence at the beginning of the Aon, 
by that of the Sirya-Siddhinta they commence 17,064,000 years later 
ater ¥. 24 ८; and by that of the Arya-Siddbanta, 3,024,000 years 

" (Bentley, Hind. Ast. p, ed السام‎ : in part, however, they are rig 

arbitrary ; for, although the P&rAcara-SiddhAnta agrees with the Sid- 
| Le ag iromani as to the time of the beginning of things, its numbers 
of revolutions واج بعد وفع‎ only in two instances with those of the latter. 

i abe arked, that the close accordance of the different‏ سات 
stronomical systems oe fixing the position of pois inta which are so diffenlt‏ 
and dedartion as the nodes and aprides, strongly indicates,‏ 9 | 
er that the cones we Temarkably accurate observers, and all‏ 
arrived ए at & near approximation to the truth, or that some‏ 
one of them was followed a4 an anthority by the others, or that all alike‏ 
derived their data from a common source, whether native or forei‏ 
wean reserve to the end of this work the disenssion of these different‏ 
possibilities, and WM presentation of data which may tend to settle the‏ | 
Now add together the time of the six Patriarchs sence)‏ .45 
with their respective twilights, and with the dawn at the com:‏ 
Mencement of the on (talpa); farther, of the Patriarch Manu,‏ 
Vivasvant,‏ أت مع 
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pass द 101 an arc of one minute, and ic sition of each, according 
to the system, in 1850; the latter being reckoned in our method, ‘from 
the vernal equinox, Farther are added the actual positions for Jan, 1, 
1850, ns given by Biot (Traité व Astronomie, tom. vy. 529); and finally, 











the errors of the positions as determined by this Siddhinta. = 
॥ 
इ ظ‎ ga 
11,739,130.4 . 239 1 
6,074, 66ج‎ 4 91 
147 । 
189 । 
224 । 
। 
A mere inspection of this table is sufficient to show that the Hindu । 
astronomers did not practically recognize any motion of the upsides and 1 
nodes of the planets; since, even in the case of those to which they | 


assigned the most rapid motion, two thousand مصعم‎ at the least, would 

be required to produce such a change of place as they, with their im- : 

perfect means of observation, would be ke © to detect. 8 
This. will, however, be made still more عد‎ y apparent by the next 

following table, in which we give the positions of the apsides and nodes ॥ 

as determined by four different text-books of the Hindu science, for the । 

commencement of the Iron Age, ॥ 

Positions of the Apoidea and Nodes of the Planets, according to Different 

Authorities, at the Commencement of the Tron Age, 3102 3. ما‎ 








नी ot eee der ا‎ म |. مذ‎ 
: Tact 1 0 1577917838 Sgd.d7g.457 
Omitted Ianar days, 25084352 6,370,563 
9 >. / فيضي‎ 11 धक "6 lanatory 5 j 
‘We add ه‎ few explanatory remarks respecting some of the terms em- 
Pores ed in this passage, or the divisions of time which they designate. 
“The | 09 2 nycthemeron, is, for astronomical purposes, reckoned 
ihinta from midnight to midnight, and is of invariable 
length ; bere sorter actical uses of life, the Hindus count it from sunrise 
te sunrise; which would cause its duration to vary, in a Iatitude as eh 
Ai our own, sometimes as much as two or three minutes, As above 
noticed, the system of Brahmagup*a and same others reckon the astro- 


=: 30 
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1 = Wor ॥6 द the and solar month, and the general con- 


stitution of the year, see above, under verse 13. ‘The lunar month, 


which is the one practically reckonod by, is named from the solar month 
in which it commences. An intercalation takes place when two lunar 


repped م‎ ein in the same solar month: the former of the two is called 


an intercalary month (adhimdsa, oe adhiméseka, “extra month"), of the 


same name as that which succeeds it. 
term “omitted lunar day” (fithikshaya, “loss of a lunar day”) 


is explained by the method adopted in the calendar, and in practice, of 
॥ . 11 ६३ the days of the month. The civil oF ‘receives the name of the 


Janar day which ends in it; but if two lunar d क छातं in the same solar 


day, the former of them is reekoned ns loss (Kthaya), and is omitted, the 
day being named from the other. | 


` 41. The revolutions of the sun's apsis (manda), 44 east- 
ward, in an Jon, are three hundred and eighty hty-seven; of that 
of Mars, two hundred and four; of that of M cury, three hun- 


dred and sixty-eight ; 


42. Of that of Jupiter , nine hundred: of that of Venus, five 


hundred and thirty-five: of the ansis of Saturn, thirty-nine. 
Farther, the كام ماله‎ of the n ५५ ध are : _ 

48, Of that of Mars, two hundred and fourteen: of that of 
Mercury, four hundred and eighty-ei ights of that of Jupiter, one 
| od and seventy-four: o £ that of Venus, nine hundred and 





three a ا‎ 

_ 44. Of the node of Saturn, the revolutions in an Aon are six 
ع‎ ndred ae ane. the revolutions of the moon’s apsis and 
node have been given here already. i 
In illustration of the curions feature of the Hindu system of astronomy 
presented in this passaro, we first give the annexed table; which shows 
the number of revolutions in the Azon, or period of 4,920,000,000 years, 
assigned by the text to the apsis and n aie اح فا‎ et planet, the resulting 
time of revolution, the णाल of years which each woulil require to 
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In the miditional notes at the end of the work, we chall revert to the 
sates of these data, and of the light thrown by then upon the origin 
and age of the system, 

84. , ~ The number of risings of the asterisms, diminished by 
the number of the revolutions of each planet respectively, gives 
the number of risings of the planets in an Fr 7 

35. The number of lunar months is the difference between the 
number of revolutions of the sun and of the moon. If. from it 
the number of solar months be subtracted, the remainder is the 
number of intercalary months, | | 

46. Take the civil days from the lunar, the remainder is the 
number of omitted lunar days Seance he From rising to 
rising of the sun ure reckoned terrestrial civil days: 

87, OF these there are, in“an Ave ५. billion, five hundred 
and 11 million, nine hund <: seventeen thousand, 
eight hundred and twenty-eight; of lanar days, one billion, six 
hundred and three million, and eighty; 

9. 2 intercalary months, one million, five hundred and 
4 eS = ^ = म pepe 
عمسا‎ days, twenty-Hve million, eighty-two thomsand, two hun- 
dred Ne fifty-two ; 


89. Of solar months, fifty-one million, eight hundred and forty 
thousand. ‘The number of risings of the asterisms, diminished 
by that 37 the revolutions of the sun, gives the number of ter- 


40. The interealary months, the omitted lunar days, the side- 
real, lunar, and civil days—these, sei lied by a thousand, are 
the number of revolutions, etc., in an A‘on. 


The data here given are combinations of, and deductions from, thoso 
contained in the स (vv. 20-34). For convenience of 
reference, we present them below in a tabular form. 











Sidereal days, 1,982,937,838 “395,559,457 
Natural, or civil days, ` 1577.917838  3p4.479.457. 

roultiply by no, of solar mouths in a year, । SLAY. 13 
Solar months, k 31,840,000 12,960,000 
Moon's sidereal revolutions, “7,755,396 14,436,334 
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The first five of these स be regarded as unimportant variations 
of the same error, but it would scem that the last is an independent de- 
termination, ae ove of later date than = others ; 0 are 
independent, that of the Sarys-Siddhinta has the appearance of being 
the most ancient, Such questions as these, however, are not to be too 
hastily decided, nor from single indications merely; they demand the 
most thorough investigation of each different treatise, and the careful 
collection of all the evidence which goes De rong vught to bear upon them, 
_ Here lies Bentley's chief error, He relied solely upon his method of 
pening ths क i lying even that, as we 1 ar: 
tially and wnecritically, and never allowing his results to be controlled 
or corrected by evidence of any other oh aracter, He had, in fact, no 
jphilology, and be was deficient in sound critical judgment. He thor- 
oughly misapprehended the character of the Hindu astronomial liters- 
‘tare, thinkin 5: to be, in the main, # mass of forgeries framed for the 
purpose of ving the world respecting the ei etd of the Hindu 
people. Many of his most confident conclusions have already been 
overthrown by evidence of which not even he would venture ल nestion 
‘the vority, and we are persuaded that but little of his work would stand 
the test of a thorough ination. | 
‘The annexed table presents a comparison of the times of mean side- 
real revolution of the planets assumed by the Hindu astronomy, 98 rep- 
resented shed two of 1 al text-books, with those adopted by the 
| Pe | Greek astronomer, and 1 which modern science has established. 
he latter are, for the primary a from Le Verrier; for the moon, 
from: Nichol (Cyclopedia of the مس‎ ical Sciences, London : 1857) 
Those of Ptolemy are deduced from the mean daily rates of motion in 
longitude given by him in the Syntaxis, allowing tor the movement of 
rd equinox according to the false rate adopted by him, of 36” yearly. 
Comparative Table of the Sidereal Revolutions of the Planets. 
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time क للسمسم‎ have pronounced, upon internal evidence, to have 
been composed early in the sixteenth century; while, nevertheless, the 
8 ginal error of the sun would remain, untouched and increasing, to in- 
licate what was the true state of the case. | 
‘Bot what is the actual position of things with regard to our Sid- 
dhanta! We find that it presents us a set of planetary elements, which, 
when tested by the errors of position, in the manner already explained, 
do not appear to. have been constructed so as to give the trae sidereal 
positions at any assignable epoch, but which, on the other hand, exhibit 
evidences of an attempt to bring the places of the other planets into an 
accordance with that of the ean, Beata tia the tenth or eleventh 
century—the precise time is very doubtful, the discrepancies of the 
times of no error being far too great to give a certain result, Now itis 
aa certain as anything ms the history of Sanskrit literature can be, that 
there was a Sirya-SiddhAnta in existence long before that date; there 
is also evidence inthe references and citations of other astronomical 
works (see Colebrooke, Essays, ii. 484; Hind. Alg., p. 1) that there have 
been more versions than one of a treatise bearing the title; and we have 
seen above, in verse 9, a marae obscure intimation that the present 
work does not. present precisely the same elements which had been ac- 
cepted formerly as those of the Sirya-Siddhinta, What can lie nearer, 
then, than to epee ١ that in the tenth or eleventh century a correction 
of diya was caloulated for application to the elements of the SiddhAnta, 
and was then incorporated into the text, by the easy alteration of four 
or five of its verses; and accordingly, that while the comparative errors 
of the other plancts betray the date of the correction, the absolute error 





of the sun indicates approximately the true date of the treatise! / 9 


of 1° in the determination of the sun's sof 8 
would occasion و‎ difference of 425 years in the resulting date of no? |“ 
error, We shall have occasion to recur to this enbject in connection 


In our table, the time « Oo ا‎ the sun is givens A. BD. 
The correctness of this date, however, is not to be too strongly insisted 
upon, mre dependent upon the correctness with which the sun's place 
wae first determined, and then referred to the pot int asamed as the 
origin of the sphere. It was, of course, impossible to observe directly 
when the san’s centre, by his mean motion, was 10“ east of ؟‎ Piscium, 
and there are grave errors in the determination by the Hindus of the 
distances from eat eo point of the other points fixed by them in their 
क 1, And a mistake 


with the eighth chapter. | 

There is also an alternative supposition to that which we: have made 
above, respecti deg conclosion from the date of no error of the sun. 
Ifthe error in the sun's motion were a fandamental feature of the whole 
Hinda system, appearing alike in all the different text-books of the 
science, that ` न्यव pe छह {9 the origin rather of the whole system 
than ead treatise which might exhibit it. But although the ditferent 
SiddbAntas nearly agree with one another respecting the length of the 
sidereal year, they do not entirely accord, as is. made evident by the 
ering statement, य are included all the eri ga to which 
we [1४४८ 2 =) 1 in- the onginal, or as rted by Colebrooke, 
Bentley, and Warren : व reg ee: 








0 د‎ case of the other planets, the times of no error found: by 





४. both ममी culating backward from the errors of A. D, soot ‘ 
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In the first place, : Bentley has made «very serious error in that part 
of his calculations which concerns et lanet Mercury. As that planet 
was, at the epoch, many degrees behind its assumed place, it was neces- 
sary, of course, to assign to it a slower than its true rate of motion. 





But the rate actanlly given it by the text is not quite enough ees 





and, instead of ng the original error of position in the tenth 
لوده‎ of our era, os stated by: Bentley, would not so dispose of it for 
many hundred years yet to come. Hence the correction of the र] त 
॥ وملام رط‎ i imself, instead of giving ما‎ Mercury; 2s-to‘all the 
rest, ऋ more correct rate of motion, is made to have the contrary effect, 
in order the sooner to run out the original error of mssumed) position, 

anid Le nee a coincidence between the calculated and the true places of 


ca. 


ए agree a? nearly with those which we have ourselves 


by calculating downward from those of 8. ©, 3102, and which are 
presented in the table given under verse 67. Upon comparing the two 
tables, however, it will be seen at once that Rentley's conclusions are 
drawn, not from the sidereal errors of \position of the planets, but from 
the errors of their positions as compared with that of the sun, and that 
of the sun's own error he makes no seconnt at all. This is a method of 
procedure which certainly requires a much fuller explanation and justifi- 
eation than he has seen fit anywhere to give of it. The Hindu sphere 
كر‎ asideresl one, and in no wise bound to the movement of the sun. 
The sun, like the other planets, waa not in the position assumed for him 
at the epoch of 3102 B.C, and consequently the rate of motion 
assigned to him by the system is palpably different from the real one: 
the sidoreal year ix about three minutes and a half too long, Why then 
should the sun's error be ignored, and the sidereal motions of the other 
planeta considered only with reference to the incorrect tate of motion 
established for him? It is evident that Bentley ps ht to have taken 
fully into consideration the च्छ position also, and to have shown either 
that it gave a like result with those obtained from the other planets, or, 
if not, what was the reason of the discrepancy. By failing to do so, he 
has, in our opinion, omitted the most fundamental datum of the whole 
eae Ienlation, and the one which leads to the most important conclusions, 

_ We have seen, in trenting of the dija, that it has been the aim of the 
modern Hinda astronomers, leaving the sun's error untouched, to anrend 
those of the other planets to an accordance with it. Now, as things 
are wont to be manayed in the Hindu literature, it would be no matter 
for surprise if such corrections were incorporated into the text itself: 
had not the oe teh ae been, at the beginning of the sixteenth 
century, seh a distributed, and its data مه‎ universally known, and 
had not the Hindu science ontlived already that growing and productive 
period of its history when 5 school of astronomy might put forth 8 रण 
sete: Of an ancient مع‎ gets i to see it make its way 
to genera! acceptance, crowding out, and finally cansing क अ, 
the older version—such a process of alteration might, in our view, te 
passed upon it, and such a text might have been handed down to our 
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Now if it is possible by this method to arrive appr roximately at the 
ज correction applied to the elements of a SiddhAnta, it should 
be possible in like manner to arrive at the date of those clements them- 
selves, For, owing to the false assumption of position at the epoch, 
there is but one point of time at which any of the periods of revolution 
will give the trae place of ite planet: if, then, as is to be presumed, the 

ण places were nearly determined when any treatise was composed, 
and were made to enter as an element into the construction of its 
system, the comparison of the dates of no error will point to the epoch of 
its composition, The method, indeed, os is well known to all those who 
have made any studies in the history of Hindn astronomy, has already 
been applied to this purpose, by Mr. Bentley. Tt was first originated 
and put forth by him (in vol. vi. of the Asiatic Researches) at a time 
ape the false estimate of the age and value of the Hindu astronomy 

} १. by Bailly was still the prevailing one in Europe; he strenn- 

‘ote 1 : ed it against more than one attack (As. Res. viii, and Hind, 
Ast.), and finally employed it very extensively in his volume on the 

History of Hindu Astronomy, 85 9 means of determining the age of the 
different Siddhintas. gt aay t below the table from whick, in the 
latter work (p. 126), he deduces the age of the Sérya-SiddhAnta; the 
column of approximate dates of no error we have ourselves added. 


Bentley's Table of Errors in the Positions of the Planets, ax calculated, 
| for successive periods, according to the Sirya-Siddhdania, 


Wait 1, 4, 100 = 
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From an average of the results thus obtained, Bentley draws the con- 
clusion that the Sirya-SiddhAnta dates from the latter part of the cler- 
enth century; or, more exactly, A. 1). 1091. 01 

क The general soundness of Bentley's method will, ee apprehend, be 
tied at the present time by few, and he is certainly entitled to not a 
little credit for his ingenuity in devising it, for the भ severing industry 
shown in its application, and for the zeal and boldness with which be 
Same defended it. He sneceeded in throwing not a little 
ight upon an obscure and misapprebended subject, and his investiga- 
tions have contributed iii aoa 8 to our present understanding of 
the Hinds systems of astronomy, But the details of his work are not 
to be accepted without careful testing, and ‘his general conclusions are 
often unsound, and require essential modification, or are to be rejected 
altogether. This we will attempt to show in connection with his treat- 
ment of the Sarya-Siddhinta, | 7 
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by several treatises of that as well ४5 of later date, not having‏ 1 م 





















1 _| Mean Motions of the Planets ax corrected by the ja, 
1 Planet, هذا‎ 1,080,000 | time of revelution. | deily mation. 
7 " "8 = = 2 भ क्न op. 6 186 tae snes 
पप्तः SY! | 0 355 15 3१ 3.74 8 15 194 
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١ We need not, however, rely on external testimony alone for informa- 
tion 2s to the period when this correction was made, If the attempt to 
modify the elements in such a manner as to make them give the true 
1 “positions of the planets at the time when at Were so modified was in 
a any tolerable degree successful, wa ovght to be able to discover by cal- 
7 ulation the date of the‘alteration. if we ascertain for any given time 
J the positions of the planets. piven by the system, and compare them 
_ with the true positions as found by our best modern methods, and if we 
im then divide the differences of position by the differences in the mean 
motions, we shall discover, in each separate case, when the error was or 

4 will be reduced to nothin, 8 The results of such a calculation, made for 
Jan. 1, 1660, are given below, under v.67. We Ao that, if regard 

- ॐ had only to: the abeolute errors in the at ositions of the planets, no con- 
clusion of value can be arrived at; the discrepancies between the dates 

# “of مم‎ error are altogether too great to allow of their Pips fh ik arded ax 
Pe eed ट any definite epoch of correction. If, on the other h, d, we 
gi e the lace of the sun to have been the standard by which the 
ऋ ns ofthe other p lanets were tested, the dates of no error are seen 
to point 0 distinctly to the first half of the oe eentory as the 
time of the correction, their me क ing A, 1). 1541. Upon this as- 

< eg oa also, we see why no correction of Dija was applied to Mars or 

= to the moon: the former had, at the given. time, only just passed his 
| ठत of complete accordance with the sun, and the motion of the moon 

at was also already مه‎ closely adjusted to that of the sun, that the differ- 
मः ence between their errors of position ia even now less than 10 Nor 
a is there any other supposition which will explain why the serious error 

in the position of the sun himself was overlooked at the time of the 

- । ge general correction, and why, by neo योषु the absolute errors of 








0 position tion of more than one of the planets are made greater than the 
would otherwise have been, as is the case. It Is, in short, clearly क्थ्य 
7 that the alteration of the elements of the Srys-Siddhanta-which was 
हि 4 sixteenth century, was an adaptation of the errors 
„ oh ute oan the other planets to that of the sun, assumed to. be eor- 
rect and regarded as the standard. (वक 


- 


ननं 





elapsed must be an exnet multiple of the lesser period of 1,080,000 years, 
‘or the quarter-Age; in order to give its proper position to the moon's 
apsis, that time must contain 9 certain nomber of whole Ages, which 
are the periods of ia netion of the latter with the planets, together 
with a remainder of three quarter-Ages; for the moon's node, 10 like 
manner, it must contain = certain number of half-Ages, with > remainder 
of one quarter-Age. Now the whole number aye elapsed between the 


beginning of the Zon थ of the current Iron Age is equal to 1826 
quarter-Ages, with an odd surplus of 864,000 vears: from it subtract 
an amount of time which shall contain this surplus, together with three, 
seven, eleven, fifteen, or the like (any number exceeding by three a mul- 
e of nin de quarter-Ages, and the remainder will falttl the conditions 
the problem. Tha + لجسا‎ actually made is of fifteen periods + 
the surplus, + 
This deduction is a clear indication that, as remarked above (under 
१ 17), the astronomical system was sms श्तं to adapt itself to an | 
y established Puranic chronology. It could, indeed, fix the [ष्ठ | 
vio a ए undetermined epoch of the commencement of the Iron Age, bat)) 
it could ‘not alter the arrangement of the preceding periods. 
It is evident that, with whatever accuracy the mean positions of the 
sary may, at 8 given time, be ascertained by observation by the 
Hinda astronomers, their false assumption of aconjanction at the epoch 
of 9102 B. ©, must introduce an element of error into their determina- 
tion of the planetary motions, The annual amount of that. error may 
indeed be small, owing to the remoteness of the epoch, and the great 
number of years among which the errors of assumed position are divi- 
ded, yet it must in time grow to an amount not to be ignored or neglect- 
ed even by observers so inaccurate, and theorists Rtn aaa as the 
Hindus. This is actually the case with the elements of firya-Sid- 
dhinta; the positions of the plancts, as calculated by them nan 
pat time, are In some cases nearly 0° from the troe places. The 
later astronomers of India, however, have known how to deal with euch 
difficulties without abroguting their ancient text-books. As the Sirya- 
SiddhAnta is at present employed in astronomical calculations, there are 
introduced. into its planetary elements certain corrections, called bia 
ore properly wija; the word means literally “seed”; we do not know 
LOW it arrived ut its present significations m th e mathematical language). 
‘That this was so, was known to Davis (As. Res. ii, 246), but he was 
unable to state the amount of the corrections, excepting in the case of 
the moon's apsis and node (ibid., p. wher Bentley (Hind. Ast, p. 179) 
fives them in पि, ऋचे upon his anthority we present them in the 
annexed table. They sre in the form, it will be noticed, of additions to, 
or subtractions from, the number of revolutions given for an Age, and 
the sumbers are all divisible by four, in order not to interfere with the 
ظ متي‎ 71 of 1,080,000 years. We have added 
period, the corrected time of revolution, expressed in Finda indu divisions of 
the day, and the corrected مر ود‎ of mean daily क Bentley (As 
These corrections were applied, ॥ according र 12 . Dev (८ 
بسار‎ vill. 220), about the beginning of the sixteenth contury; they are 









162 


| s 

tendent of the American Ephemeris and Nautical Almanac. The 
tions of the planets are obtained hy LeVerrier’s times of side- 
ol given in the Annales de l'Observatoire, tom. ii (also in 
Astronomia, 3™* édition, tom. v, 1857), that of the moon by 
Peirce’s tables, and those of its apogee and node by Hansen's Tables de 
Lane.. The origin of the Hindu sphere is regarded as being 18° 5° 
" east of the vernal equinox of Jan, 1, 1860, and 50°22’ 20°" west إن‎ 
that of Feb. 17, 3102 B.C. the precession in the interval being 68° 7 
We add, in a second column, the mean longitudes, as reckoned 
equinox of the given date, for the sake of comparison 
with the data given by Bentley ( Ast, .م‎ 125) and by 

Bailly( Ast. Ind. et Or. pp. 111, 182), which we also subjoin. 


“Postlions of the Planets: widnig, al Ujjayint, Feb, 17-18, 3163-8 
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` The want of agreement between. the results of the three different in- 
ns illustrates the difficulty and uncertainty even yet attending 
inquiries into the positionsof the heavenly bodies at so remote an 
epoch, It is very possible that the calculations of the astronomers who 
the framers of the Hindn system may have led them to suppose 

the approach toa conjunction nearer than it actually was; but, however 
that may be, it seems hardly to admit of a doubt that the epoch was 
arrived at by astronomical calculation carried backward, and that it was 
fixed upon as the date of the last general conjunction, and made to 


an élement only trifling in amount. 
reanner, from regard oint of the sphere, as shown 
by the table, Py رج ممع‎ १११६1. They Were accord 1 
exempted 9 Conjunction once in 1,080,000 

] ` नवः ned to them as should 
make their positions at the epoch come ont, the one a quadrant, the 
‘other a half-revolution, in advance of the initig] = of the sphere. 

We can now see Sr et وو‎ ge above [४ 70 for time ` 
spent in needed to be made. In order । 
to > position of mean conjuuction at the epoch, the time 
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The arbitrary and artificial method in which the fandamental cle! ५ 


ments of the solar system ate [दार presented is not peculiar to the 


Strye-Seddhinta; i js also adopted by all the other text-books, and. ix r Fu 3 


Da > ا‎ नी + ॥ ॥ ० = 


स= क as a characteristic feature of the general astronomical व 
of the Hindos. Instead of deducing the rate of motion of each | 
Planet from. at least two recorded observations of its place, and estab- 
lishing a genuine epoch, with the ascertained position of each at that 
time, they start with the assumption’ that, at the beginning of the 
present order of things, all the planets, with their apsides and nodes, 


commenced their movement together at that point in the heavens (ness al | 





is MO kel era 


Piscium, as explained above, under verse 27) fixed upon as the initi‏ ع 
point of the sidereal sphere, and that they return, at certain fixed inter-‏ 
vals, to a universal conjunction at the same point. As regards, howeres gards, however,‏ 
the == the motion menced, |‏ 
of the conjunction, and the date of th‏ 
digeordance smot among the ifferent. authorities. the 5079-5‏ 
dhinta, and the other treatises which adopt the same general method,‏ 
the determining point of the whole system is the commencement of the‏ 
current Iron Age (kali yuga); at that. श ch the planets are assumed to‏ 
have been in mean conjunction for the last time at the initial point of‏ 
the sphere, the former conjunctions having taken place at intervals of‏ 
commence is midnight on the meridian of Liyayini (see below, 7‏ 
at the. end of the 686,405th and beginning of the 588,460th day‏ ,)62 
reckoning) of the Julian Period ot between the he 17th and 18th of‏ 
J.P, or S102 ए. ©. (see low, der vv. 45-53, for the 7.‏ 1012 9 
of days sinte elapsed), Now, although no‏ ظ दनक‏ 
such conjun भन as that assumed by the Hindo astronomers ever did‏ 
or ever will take place, the planets were actually, at the time stated,‏ 
Sibel ge At ett bse nearly to a general conjunction in the neigh-‏ 
borhood of the initial point of the Hinda sphere; 1 the‏ 


| 0 ١ reference 
the moon's apogee and node); 
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work. But the apparent motions of the planets are greatly complicated 
by the fact, unknown to the Greek and the Hindu, that they are revoly- 
ing about a centre-about which the earth also is revolving. When any 
planet is on the ey side of the sun from us, and is acco nding ely 2001+ 
ing in space in a direction contrary to ours, the effect of our change of 
ate is to increase the rate of its apparent change of place; again, when 
is pee pon our side of the san, and moving in the same direction with us, 
the effect of our motion ए to retard its apparent motion, and even to 
cause it to seem to retrograde. This explains the “revolutions of the 
co 2 ction” of the three superior planets: their © ine ace ل‎ revolve 
at the same rate with the earth, being ae इ upon the opposite side of 
the sun from us; and when, by the combination of its own proper 
motion with that of its conjunction, the planet gets into the latter, its 
rate of apparent rote ia greatest, beco less in proportion as it 
removes from that position. The pening of the wo = hich we have 
translated “conjunction” is pha +" a literal rendering of it 
would be “swift-point,” or “apex of swiftest motions” but, after 
moeh deliberation, and persevering trial of more than one term, we have 
coneluded that “conjunction” was the least exceptionable word by 
which we could express it, In the case of the inferior planots, the 
revolution of the conjunction takes the place of the pa er motion of 
the planet itself! By the definition given in verse 27, a area Taust, in 
order to com ue a revolution, pass through the whole zodiac: this 
Mercury and Venus are only able to do as they accompany the sun in 
his त annual revolution about the earth. To the Hindus, too, 


who had no iden of their Toper movement about the sun, the annual 


motion must have seemed hf ९ principal one; and that by virtue of which, 
in their progress throngh the zodiac, they moved now faster and now 
slower, must have aj is. ren only of secondary importance. ‘The term 
“conjunction,” as-used in reference to these planets, must be restricted, 
of course, to the superior conjunction, The physical theories by which 
the effect of the conjanction (elghra) is explained, are given in the next 
chapter. In the table that follows we have placed opposite cach planet 
its own proper revolntion# only. ` 

Tt is farther to be observ@d that all the nombers of revolutions, ex- 





cepting those of the stp =: ges and node, are divisible by four, so 
that, ah Ge 





rly eae 8 quater of an Age, or 1,080,000 years, rather 
than a whole Ags , is their common period. This is a point of so much 
importance in the system of the Strya-Siddhinta, that we have added, 
ia second colunm, the number of revolutions in the lesser period, 
as found by dividing by the number of revolutions of each the number 
ge (which is equal to the number of sidereal days, 
+ 4, diminished by the number of revolutions of the sun; see 
below, ए. 2 they are expressed in’ days, nidis, vinidia, and respira- 
tions; the latter may be converted into sexagesimals of the third order 
by i wan, team the decimal point one place farther to the right. 
~ urth column are given the mean daily motions. 
` € shall present Inter some comparison of these elements with those 






‘en in v. 34 






ailopted in other systems of astronomy, ancient and 


of civil days in an Age 











i, 34.) Sarya-& 
١ portion. "The proper signification of برقم‎ translated “sign,” is simp 

‘heap, quantity ;" it i doubtless applied to designate 9 ea aS 0 
certain number, or sum, of degrees, analogous to the we of gana in 
bhagnna (explained above, in the last mee and of régi itself in dinardgi, 
“sum of days” (below, ४, 53}. In the Hindu A gral done of an are, the 
ion is ऋ essential an element as the degree, and no ares of greater length 
than thirty degrees are reckoned in degrees alone, as we are accustomed. 
to reckon them, Tho Greek poses was the aame, We shall hereafter 
sce that the signs into which any cirele of revolution is divided are named 
Aries; Taurus, etc. beginning from the point which is regarded as the 
starting point; = that these names are applied simply to indicate the 
order of succession of the ares of thirty degrees. 

99. In an Age (yuga), the revolutions of the sun, Mercury, 

and Venus, and of the conjunctions (cighra) of Mars, Saturn, 
and Jupiter, ale: eastward, are four million, three hundred 
and twenty thousand; 
80. OF the moon, म even million, seven hundred and fifty- 
three thousand, three hundred and thirty-six; of Mars, two 
million, two hundred and ninety-six thousand, eight hundred 
rire two ; 

81. Of Mercury’s conjunction (0 seventeen million, nine 
hundred and thirty-seven thousand, and sixty; of Jupiter, three 
hundred and sixty-four thousand, two hundred and twenty; 

$9. 01 Venus's conjunction (cighra), seven million, twenty-two 
thousand, three hundred and seventy-six; of Saturn, one hun- 
dred and forty-six (व five hundred and sixty-eight; 

, 88, Of the moon's apsis (ucea), in an Age, four hundred and 
eighty-eight thousand, two hundred and three ;. of its node (pia), 
in the contrary direction, two hundred and thirty-two thousand, 
two hundred and thirty-eight; 5 

34. Of the asterisms, one billion, five hundred and eighty-two 
million, two hundred and thirty-seven thousand, eight hundred 
and twenty-eight... - 3 

These are the fundamenial and =, po siiguportant elements upon which 
is founded the astronomical system of H#¥SiryaSiddhinta. ١ Ve present 
them below in a tabular form, but must first explain the character of 
some of them, especi nf of some of those contained in verse 29, which 
we have omitted from the table. | 

The revolutions of the sun, and of Mars, J ध r, and Saturn, require 
no remark, eis obvious one that those of the sun are in fact sidereal 
revolutions of the earth about the sun. To the sidereal revolutions of 
the moon we add also her synodical revolutions, anticipated from the next 
following passage (see v.35), By the moon's “apsia” is to be under- 
stood her apopee; wera is literally “height,” ie. “extreme distance :” 
a commentary explains it by fnandocca, “apex of slowest motion :” as 
oli same word is used to d esignate pai 2h । aot the plancts, we were 
मः translating it the indifferent term - is, which applies 
any ally to both ge سم‎ heliocentric motion. ‘The “node” is the 
gcending node (see ii 7); the dunl “nodes” is never employed in this 


॥ 



















٠ The absolute motion eastward of all the planets being भ 
apparent motion. Is, of course, in the (inverse) ratio of their or 


of the dimensions of their orbits, 
The word translated * revolution” is diavena, literally ^ troop of aster- 
3" the verbal root translated “ pass through” is ni, Seno कृ," from 
‘which comes also the common term for the dail motion 
bhwkti, literally en سيد‎ When ه‎ planet has “enjoyed the whole 
ro pies asterams,” it has made a complete revolution 
initial point of the fixed Hindu sphere, from which 
reckoned, and at which the planetary motions are held by all the schools 
of Hindu-astronomy to have commenced at the creation, is tha end of 
the asterism Revati, or the beginning of Acvinl ae 
fall neeount of the asterisms). Its situation is 
तः = that of the principal star of Revatl, which, according to the Strya- 
1५) SiddhAnta, is 10’ to the west of it, but according to other authorities 
० exactly coincides with it. That star is by all authorities identified with 
ع‎ Piscrum, of which the longitude at present, as reckoned by us, from the 
١ vernal equinox, is 17° 54’ ene allowance for the precession, we 
PK: find that it coincided in uinox not far from the 
भतत of the sixth century, or about A. 1, 510, ‘As such goincidence 
was the occasion of the pomt being fixed upon as the beginning of the 
sphere, the time of its occurrence martks approximately the era of the 
ation of the sphere, and of the commencement of the history of modern 
astronomy. We say approximately only, because, in the first 
as will be shown in connection with the eighth chapter, the aceu- 
| of the Hindu observations not to be relied upon within a de 
ave f in the second place, the limits of the asteriams being ety long 
before fixed, it was at to take the ning of some one ©| 
-95 that of the sphere, and the Hindus = ave regarded that of Acvini 
as sufficiently near to the equinox for their purpose, when it was, in fact, 
two or three degrees, or yet more, remote from it, on either side: and 
each degree of removal would correspond to a difference in time of about 
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Bain the 
most ancient recorded lists of the Hindu asteriems (in the texts 


9 of the Black Yajur-Veda and of the Atharva-Veda), Krttiké, now the 
* third, as the first. The time when the beginning of that aster- 
4.11 with the vernal equinox would be nearly two thousand 


١ earlier than that given above for the coincidence with it of the first 
GORE oan Ngai 

। ry 2 28. Sixty seconds (vikalé) make @ minute (kali); sixty of 
these, a degree (haga } # 9 thirty of the latter is composed a 
sign (rigt); twelve of these are a revolution (b/agana) 


< The Hindu divisions of the circle are thus seen to be the same with 
- . Greek and with ourown, and we shall accordingly make ae 
च translating, of our own familiar terms. Of the second (भ) very 1118 
SD use is made; it is not more than two or three times alluded to 
١ all the rest of the treatise. The minute [दत] is much more often 
& ध 100 (or liptikd); this is not an original Sanskrit word, but was 
1 the Greek कवलत, The degree is called either bhdga or 
anga; both words, like the equivalent Greek word popa, mean > © part, 


= 3 १८7 
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27. One which moves swiftly passes through them in a short 
time; one which moves ‘slowly, in 9 long time. By their move- 
ment, the revolution is accounted complete at the end of the 


We have here | सन ited a part أن‎ the physical theory of the planetary 
motions, that whic sous Ee the mean motions: the theory is sup- 
lem by the explanation given in the next chapter of the disturbing 
forces which give rise to the irregularities of movement: The earth is a 
sphere, and sustained immovable in the centre of the universe (xii, 82), 
while all the heavenly bodies, impelled by winds, or vortices, called pro- 
vectors (ii. 3), revolve about it from east to-west. In this general west- 
ward movement, the {I as the commentary ex ए it, are, owing 
to their weight and the weakness of their vortices, by the aster- 
isms (nakshaira or bha, the 1. of stars constituting the lunar man- 
sions [eee below, chapter 1 and used here, as in various other places, 
to desi १५५ the whole firmament of fixed stars), and अल्पा तु ys fall 
behind (lambante —labuntur, delabuntur), as if from shame: and this قل‎ 
the wp one anation of their eastward motion, which is only apparent and rela- 
tire, although wont to be regarded as real by those who do not under- 
stand the true causes of things. But now a new element is introduced 
into the (7 does not seem sey consistent with this view of 
the merel re character of the eastward motion. It is asserted that 
the planets lag behind equally or that ench, moving in its. own orbit, 
loses ig eo 0 compared with the asterisms. And we 
shall find farther on (xii. 73-90) that the dimensions of the planetary 
orbits are constructed upon this sole principle, of making the mean daily 
motion of each planet eastward to be the same in amount, namely 
11,858.717 yojanas: tho amount of westward motion being equal, in 
each case, to the difference between this amount and the whole orbit of 
the planet, Now if the Hindu idea of the symmetry and harmony of the 
universe demanded that the movements of the planeta should be equal, it 
was Sati -a very awkward and unsatisfactory way of cf ing with 
that ad to make the relative motions alone, as with the 
fixed stars, aa, and the real motions so vastly different from one an- 
other. We should rather expect that some method would have been de- 
vised for making the latter come out alike, and the former unlike, and the 
result of differences in the weights of the ioe pe lanets and the forces of the 
impell pr ta currents. It looks aa if this principle, and the conformity to it 
of the dims > of the देर د‎ might have come from those who regarded 
the apparent daily motion "كم‎ ध real motion. But we know that Arya- 
bhatta held the opinion that the earth revolved upon its axis, causing 
ei the apparent westward motion of the heavenly bodies (see Cole- 
yor 8 Hindu ih, .م‎ xxxvili; Essays, ti. 467), and so, of 
fiat the planets really moved eastward at an equal rate among the stars; 
and altho कक a the later astronomers are nearly unanimous against him, 
ع‎ eannot he. P aga es the theory of the planetary orbits ema- 
nated from him or his school, or from some other of like opinion. It ५ 











not upon record, so far as we are aware, that any Hindu astronomer, of) | 
त नकः क did some of the Greek १ Whewell’s 


any 
of the Inductive Sciences, B. V. ch. i), a heliocentric theory. 


' 156 29 Burgess, etc., [i. 23- 


accepted : under the word kelpa, 7 the Lexicon of Boh ees © wk and Roth, 
/ may be found another system of names for these periods: Manu (i. 61, 
62) gives the names of the Patriarchs of the past Patriarchates; the 
Purinas add other particulars respecting them, and also respecting those 
which are still to come (see Wilson's Vish, Pur. .م‎ 259, स) = 
The end of the Golden Age of the current Great Age is the time at 
which the Sirya-SiddhAnta claims to have been revealed, and the epoch 
from which its calculations profess to commence. We will, accordingly, 
as the Sun directs, compute the number of years which are suppose 
have elapsed before that period. 1 


Dewn of corrent cn, dSoc 1,728,000 





1 Total timo elapsed of current Zon, | 5,474,400 1,970, 784,000 
Halt Brabras’e life $32,000,000,000 155570050606 دوه‎ 
Teal ine पना 
As the siti crestion dates from thé commencement of the current 
: بوكر‎ the second of the above totals is the only one with which the 

So? Sete henceforth has any thing to do. ظ‎ 
١١ We are next informed that the present order of things virtually began 
at # period less distant than the commencement of the Alon. ` 


१4. One hundred times four hundred and seventy-four divine‏ و 





. years passed while the All-wise was employed in creating the 
1 ee and inanimate creation, plants, stars, gods, demons, and 


a eae Divine years. Baler yours. 
4 م‎ the total abore given, 5,474,400 1,970, 784,000 
deduct the time occupied in creation, 47.460 तत चते 
the remainder is ‘ 5,437,000 1,953,730,000 
| This, then, is the time ape ge lapsed from the true commencement of the جيه‎ 
by isting order et to the epoch of this work. The deduction of this 
| period as spent iF in the work of creation is a peculiar feature 
ا | ف‎ Sarya-Si ग ध Ve shall ede it later ee below, under 
wr, 20-34), a5 118 si cannot be shown until other data are 
1 ie mee ५ other data are 
8" 750: The planets, moving westward with exceeding velocity + 
but constantly beaten by the Ba See fall behind” at 2 ०९ 
. precise uy, cual proceeding each in its own path, | 
0 26. they have an eastward motion. From the number 
5 of their reyolutions is derived their daily motion, which is dif. 
हि~ | ferent according to the size of their orbits - in proportion to this 


r 
هذا‎ 
ها‎ 
— 
a 


daily motion they pass through the asterisms 
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We have sae ady found indications of an:assumed destriction of ध 





existing things at the termination of the lesser periods called the Age 
and the Patriarchate, in the necessity of م‎ new revelation of virtue and 
knowledge for every Age ' and of a new father of the human race for 
every Patriarchate. e are left, it should seem, to show us how the 


क n of cosmical periods grew to ee sr and larger dimensions. The 

11 development of it, as exhibited in the Purdnes and here, admits only 

two kinds of destruction: the one occurring wt the end of each Zon, 

or cr of Brahma, when all creatures, ee hough not the substance of the 

world, undergo distolution, and remam buried in chaos during his nights 

to be created anew when his day begins again; the other taking place 

at the end of Brahma’s life, when all | matter even is resolved mto its 

According to'the comméntary, the “handred™ m verse 21 means a hnn- 

dred years, each composed of three hundred and sixty da Age nights, 

and not a hundred days and nights only, as the text might be understood 

to signify; since, in all statements respecting ध beat necessarily 

5 understood to be intended. The length of Brahma’s life would be, 

then, $64,000,000,000 divine years, or 311,040,000,000,000 solar years. 

प लोत्‌ is Also called in the Purinas a para, “extreme period,” and 

its half a pardrdha Ge son's Vish, Pur, .م‎ 25); although the lntter 

term has obtained न Mindependent use, as signifying a period still 

more enormous (ibid. .م‎ 690), It is curious that the commentator does 

not seem to recognize the affinity with this Period of 1116 € sp aie 

need in the text, param dywh, “extreme age,” but gives two different 
न of it, both إن‎ which are forced and unnatural. | 

- वर author of the work before us is modestly content with the number 

of vears thus:placed at his disposal, and 0 | nothing farther. So 

is it aluo with the Purlinas in general; although some of them, as, the 

Vishnu (Wilson, p. 637) assert that two of the greater pardrdhas con- 

stitute only a day of Vishnu, and venga at ibid. p. 9 that Brahma‘ 

whole life is but a twinkling of the eye of Krshna or of Qiva. 


` 91,... The half of his life is past; of the remainder, this is 
the first on. 93 = 
99. And of this on, six ८ are past, wit 





their respective twilights; and of the Patriarch Manu son of 
Vivasvant, twenty-seven Ages are past; ध + 

28. OF the pace the twenty-eighth, Age, this Golden Age 
15 past : from, thi point, reckoning up the time, one should com- 
together the whole number. 

The designation of the part already elapsed of this immense period 
# مصعم‎ to be altogether sah = : ty agrees in general pie that given : 
in the Purknss, and, so far as the Patriarchs and their periods are con- 51 

is Vardha, F 
= 
| 





cerned, with Manu also, The name of the present: Kon is 

“that of the boar,” because Brahma, in performing anew at its com- 

mencement the act of creation, Eg on the form of that त [+ Af 
Wilson's Vish. Par. p. 27, ete,). |The one preceding is called the Pidme, +¢ 
“that of the lotus.” This nomenclature, however, is not universally 





‘We ought مذ‎ remark, however, that in the text itself of Manu (i. 68-71) 
the duration of the Great Age, called by him Divine Age, is given as 
twelve thousand years simply, and that it is his commentator who, by 
asserting these to be جد مساج‎ years, brings Manu's cosmogony to حنم‎ agrec- 
ment ee oe of the ea pec = strong indication that the 
divine year is an afterth boat ب‎ and that the period of 4,320,000 years 
is sea eset ‘of an earlier one of 12,000. Vast as this period is, 
however, it is far from sntisfying the Hindu craving after infinity. We 
are next called upon to construct 3 new period by multiplying it by a 


18. One and seventy Ages are styled here a Patriarchate 
(manvantara); at its end is said to be a twilight which has the 
number of years of 1 a Golden and which is a deluge. = 
+ 19. In an وماق‎ (halpa) are my we oned fourteen such Patriarcl 
9 with their respective twilights; at the commencement of 
the Aton is a fifteenth dawn, having the length of a Golden 


Tho Kon is accordingly thus composed : 





। Divine yearn. Solar yeara. 
وام ش‎ dawn, صدتية‎ 1,748,000 
+ + Seventy-one Great Ages, = 852,000 306,720,000 
A twilight, I, 728,000 
١١ Duration of one Putriarchata, 856,800 308,448,000 
` Fourteen Patriarchates, । 11,995,200 4,318,372,006 
Total duration of an Eon, 13,000,000 4,320,000:000. 


Why the factors fourteen and seventy-one were thus used in making 
up the Eon is net obvions; unless, indeed, in the division by fourteen 
كز‎ to be recognized the influence of the number seven, while at the 
same time such 2 division fornished the equal twilights, or interme- 
diate periods of transition, which the Hindu theo ~ fe demanded. The 
system, however, is still that of the Purinas (see Wilson's Vish. Pur. p- 
24, ete,); and Manu (i, 72,79) presents virtually the same, althou gh ha 
x 83 not the term on (कण), but states simply that.a thousand Divine 
ges make up a day of Brahina, and seventy-one a Patriarchate. The 





١ tern mancantara, ष marchate,” means literally “another Mann,” or, 


the interval of a Manu.” Munn, » word identical in origin and mean- 
ing with our “man,” became to the Hindus the name of a being per- 
ag ५५१५० of the San (Vivasvent) and progenitor of the human 
| i In ४५ Patriarchate there arises a new Manu, who becomes for 
bis own period the progenitor of mankind (see Wilson's Vish, Pur. p. 


4 20. The Zon, thus composed of a thousand A ges, and whic 
brings about the destruction of all that exists, is styled 5 $ 
91. His extreme age is a hundred, 


tA accord] his valuation 
of's dayjand a night... ing to this valuatio 
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The composition of the Age, or Great Age, is then as follows 
Divine yearn Solar year. 
“Golden Age (kta gra), 000 1,440,000 
` Twilight, 420 oo rd مضت‎ 
Total duration of the Golden Age 4800 1,728,000 
व Dawn, . ` Boo مون رقن‎ 
‘Silver Age ((retd कण) न न 
Twiligist, 200 108,000 
Total duration of the Silver Agr, 3,600 1,296,000 
Dawn, ` | 230 732,000 
Brazen Age دود ل‎ 720,000 
ا‎ १ स दः 
Dawn, 100 36,000 
Tron Age (ali कषण), rood 360,000 
‘Twilight, 100 36,000 
. Total duration of the Iron Age, $900" ~ „1402 
Total duration of a Great Age, 13,000 4,330,000 


Neither of the names of the last three ages is once mentioned in the 
The first and last of the four are derived from the 

aah aye kria, “made, won,” is the side of the die marked with 
dots—the lucky, or winning one; ‘oli is the side marked with one 
dot only—the unfortunate, the losing one. In the other names, of 
which we do not know the original and proper meaning, the numerals 
tri, “three,” and dvd, “two, y recognizable, The relation 
of the numbers four, three, two, an a the length of the several 


periods, in divine years, and aleo as compared with one 
another, is not less स apparent. ‘The character to the 
different Ages by the Hindu st See श and | ona history مه‎ 
closely resembles that which is attrib to the Gol ilver, Brazen, 


and Tron Ages, that we have not hesitated to transfer to them the latter 
app An نادت عا‎ character is given in Mano i, 81+80 
jon Age, Virtue stands firm upon four feet, truth and 
and the life of man is four centuries; m each following 
a foot, and the length of life is reduced by a century, 
0 بع‎ she has but one left to hobble 

mortals is but a hundred years. 

iy ry 7 622, otc, for a description of the 






‘See also Wilson's V 

vices of the Iron Age. pase 
sera of periods is not of astronomical origin, altho ® 

fixing commencement of the Iron Age, the onl somal 

torical point in it, is; as we shall see hereafter, the result of astro- 

(1 Ite arbitrary and artificial 
It is the system of the Purinas ard of Manu, a part of 
Hindu cosmogony, to which astronomy was compelled 


ToL, Vi 


| i 





"(` Ey Bitegess, ele. [i 1a— 


currence of the civil and lunar days, and the lunar and solar months, is 
8 process of gréat complex ee + into, the details of which we need not 
enter here (see Warren, ove, p. 57, ete.). It will be seen later in 
this chapter (vv. 48-51) that the Sarya-Siddhanta reckons time by this 
| system, by the combination of civil, lunar, and sidereal elements. 


18. . 2. This ts called a day of th 

14. The day and night of the i rage of the demons are 
mutuall ० to one another, Six times sixty of them are 
a year of gods, and likewise of the demons. 


^ This ie called,” etc.: that is, os the comme inina, the year 
composed of twelve solar montlis, as being trove ast mentioned; the 
sidereal year. [t appears to us very questionable whether, in the first 
instance, anything more was meant by calling the year a day of the 
gods than to intimate that those beings of a higher order reckoned time 
لد‎ pons grander scale: just كه‎ the month was ऋत्‌ to bea day of the 
Fathers, or Manes (xiv. 14), the Patriarchate (v. 18), a day of the 
Patriarchs (xiv.21), and the Zon (+. 20), a day of Brahma; all these 
। त्रिता Poranic designations. In the astronomical reconstruction 
of the Purnnic system, however, a pity sical meaning has been given to 
“his day of the gods: the gods mre made to reside at the north pole, and 

the demons ع‎ south; and then, of course, during the vear 

when the sun is north of the equator, it is day to the gods and night 
the demons; and during the other half-year, the contrary. The subject 
is dwelt upon at some length in the twelfth “ang ead (xii. 45, ete). 
To make eveh a division accurate, the vear the tropical, and 
not the siderenl; but the author of the Strysn-Siddhinta has not yet 
begun to take into account the precession, Sce what ix said upon this 
subject in the third chapter (vv. 9-10) 

+The year of the gods, or the divine year, is employed only in des: 
eribing the immense periods of which the stntemont now follows, 


16. Twelve thousand of these divine years are denominated 


a, Quadruple Aye (caturyuga); of ten thousand times four hun 
and thirty-two solar years 
16. Is posed that Gaadra le Age, with its dawn and twi- 



























ht. eae nee of the Golden and the other A 
ensured by the difference in the number of the feet of Virtue 
ae Satie follows 


17, The tenth part of nn Age, multiplied olden ey by four, 


7 dis र two, anid one, gives the ngth of the Golden and the other 
A Ages क the sixth part of each belongs to its वह =A 





١ or لمر‎ of 4,320,000: years is ordinarily styled Great Ace 
Adyuga}, or, كه‎ above in two instances, Quadruple Age terug) 
the Sarya-Siddhinta, however, the former term is not once 
andthe latter occurs only in these verses; elsewhere, Age (yuga 
employed to denote it; aud always denotes feted 
by the name of the Golden (ria) 


2 +  /1 क = = + 


ning abont twenty-nine and # half days, mean solar time, ` 






“fed => 1.0 161 | 






0 far as we koow, made account of in any 
Hindu method of reckoning time. "The civil (r¢edna) day is the natural 
day : it is counted, in India, from sunrise to sunrise (see below, १. 36), 
and is accordingly of variable length: it is, of course, an important 
element in all com 1 of time. A month of thitty, and a year of 
three hundred and sixty, such days, are supposed to have formed the 
basis of the earliest Hindu chronology, an intercalary month being added 
once in five years. This method is long since out of use, however, and 
the month and year referred to here in tho text, of thirty and three 
hundred and sixty natural days respectively, without intercalations, are 
elsewhere assumed nnd made use of only in determining, for nstrological 
0१ lords of the month and yeur (see below, ४, 2). 

standard of the lunar measure of time is the lunar month, the‏ مولا 
period of the moon's synodical revolution. It is reckoned either from‏ 
new-moon to new-mnoon, or from full-moon to full-moon ; generally, the‏ 
secondary " ;‏ مسقي former २ called mukhye, “primary,” and the latter‏ 
bat, according to our commentator, either of them may be denominated‏ 
primary, although in fact, in ‘this treatise, only the first of them is 56‏ 
reganied ; and the secondary Innar. month is that which ts reckoned‏ 
from any given lonar day to the next of the anme name, This natural‏ 
is then divided into thirty lunar days a> and this division, although‏ 
of so unnatural and arbitrary a character, the lunar days eens and‏ 
efiding at any moment of the natural day and night, is, to the Hinda,‏ 
of the most prominent practical importance, since by it are regulated‏ 
the performance of many religious ceremoties (see below, xiv. 13), and‏ 
upon it depend the chief considerations of propitious and unpropttions‏ 
times, and the like. Of the lunar year of twelve lunar montlis, how-‏ 
ever, we know of no use made in India, either formerly or now, except‏ 
as it has been introduced and a a UA the Mohammedans.‏ 

Finally, the year last mentioned, the solur year, is that by which time 
is ordinarily reckoned in Indin. It is, however, not the tropical solar 
year, which we employ, but the sidereal, no account being made of the 
precession of the equinoxes, The solar month js measured ty the con- 
tinuance of the sun in each successive sign, and varica, according to the 

9५ عا‎ “te of his motion, from about twenty-nine and 8 third, to a little 
more than thirty-one and 9 half, days. There is no day corresponding 
to this measure of the month and of the year. 

In the Ary necking - of time, these elements are variously com- 
bined. ‘Throughout Southern India ree Warren's Kala Sankalits, 
Madras: 1825, 8 4, ete.), the year and month maie use of are the 
solar, and the day the civil; the beginning of each mouth and ree 
being counted, in practice, from the sunrise nearest te the moment o 
their actual commencement. In all Northern India the १; 
solar ; the month is Innar, and is divided into both lunar and civil : 
the year is com १ of a yariable number of months, cither twelve or 
thirteen, beginning always with the lunar month of which the com- 
mencement next precedes the true commencement of the sidereal year. 
But, underneath. this division, the division of the actual sidereal: year 
juto twelve solar months is likewise kept-up, and. to.maintain the con- 
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xl pre sine ciated in بلص سعد‎ Fil ५ 
९ | the other, the astronomical, table 


2. (frei) ` = 1 speck (tatpara); das 


=1 halfhour (gAatibd); 








+ This makes the atom equal to वत कक), of a.day, or pth 
‘of a second. Some of the Purdnns (see Wilson's Vish. hte Ps 06 give 
क different division, which makes the atom. about ^ 
141 they carry the division three steps farther, to the subtilissima 
rire +. vig which equals + त्च وججج ا‎ oth of a day, ष्ण Very nearly 
Aba 2 a secon 
(८ Ve have introduced here ىه‎ statement of these minute न्यारा 
ecause they form a natural counterpart to the immense periods which we 
shall soon have to consider, and.are, with the latter. curiously illustrative 
afondamental trait of Hindu character: a fantastic imaginativencss, 
which delights itself with rks? Moc ata and is unrestrained by, 
and careless of, actual realities. us, having no Instruments by which 
could measure even seconds with any to forablo precision, they vied 
one another in dividing the second down to the farthest conceivable 
limit of minuteness ; infinity in the other direction also, 
while they were almost destitute of achronology or a history, and could 
bh thing fix with accuracy the date of any event beyond the memory of 
the living generation, they devised, and put forth os actual, a frame- 
work of chronology reaching for millions of millions of years back into 
the past and forward into the future. 


12. . .. OF thirty of these sidereal days is composed a month: 
। , # ८1 (e@vana) month consists of as many sunrises 
+ 18. A lunar month, of ss many lunar days (tith’): a solar 
| me dura) mouth is determined by the entrance of the sun into a 
sign of the zodiac: twelve months make a year. . . . 


We have here described days of three different kinds, and months 
mn four; since, according to the commentary, the last clause 
ransiated means that twelve months of cach denomination make up a 
ven ae the same denomination. Of some of these, the practical se 
and value will be made to appear later; but as others are not elsewhere 
referred to in this trontise, amd as several are merely arbitrary divisions 
_ of time, of which, so far as we ean discover, no use has ever been made, 
` # may not be amiss briefly to characterize them he 
क measures of time referred to in the twelfth verse, the day is 
oe. the starting-point and standard. The sidereal day is the time 
ofthe earth's revolution on its axis; data for determining its length are 
given below, im 5. $4, but it does not enter os an element into the Inter 
Nor ॐ a sidereal month of thirty sidereal days, or « sidereal 
of three hundred and sixty such days (being less than the teué 
sideseal year by about six and 9 quarter sidereal days), elsewhere mon- 
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112 Sarya-Siddhdnta. 149. 
The epithet kalandimeka, applied to actual time in the first hulf of | 


the verse, is not easy of interpretation. The commentary translates it 
“is an object of knowledge, is capable of being known,” which does not 
seem satisfactory. Tt evidently contains a sugerested etymology (kala, 
“time,” from kalana), and in translating it as above we have seen in it 
also an antithesis to the epithet bestowed npon Time the divinity. 


Perhaps it should be rather © has for its office enumeration.” 

11, That which begins with respirations (176१) is called real ; 
that which begins with atoms (triti) is called unreal, Six respi- 
rations make a vindd!, ne! yoitheseanddi; 

12. And sixty nadis make a sidereal day and night... 

The manuscripts without commentary insert, as the first half of v. 11, 
the usual definition of the length of « respiration : “ the time occupied 
in eye 1 कृ ten long syllables is called ॐ respiration,” १ 

he table of the ا‎ of sidereal time is then هد‎ follows: 


10 long syllables (gereaksAara) =! respiration (prise, period of four seconds) ; 
6 respirations । زات‎ vinddi (period of twenty-four seconds) ; 


रवै == 1 الله‎ (period of twenty-four minutes); 
bo قتشم‎ Ee: day. 


This is the method of division usually adopted in the astronomical 
text-books: it possesses the convenient property that its lowest sub- 
Jivision, the respiration, is the same part of hi 5 aay as the minute is of 
the circle, so that 0 time is equivalent to a minute of 
revolution of the h oy + bodies about the earth. The respiration is 
mich more frequently called ast, in the text both of this and of the 
other SiddhAntas, ‘The للخم‎ ix practically of small consequence, and 
is only two or three times made use of im the treatise: its usual modern 
name is pala, but as this term nowhere occurs in our text, we have not 
felt jnstified in substituting it for vinddi. For midi also, the more 
common name is denda, but this, too, the Strya-Siddhinta nowhere 
employs, although it uses فوع‎ 1 rong 51 emir sac oy Serica 
ghatika. ce We | uniformly make use in our ion of the terms 

व above, since there are no English equivalents which admit of 
ag ees for them. = 

The ordinary Puranic division of the day is slightly different from = 
astronomical, vit: 

25 twinklings (nimeshs) == 1 bit (Adehthd); 
ॐ bite =f minute (£afd); 


30 minutes =1 hour (musirta); 

30 hours = 1 duy. 
.. Manz (i. <= ives the same, excepting that he makes the bit to con- 
sist of 18 twinkli Cnher authorities assign different values to the 


Sie SSR ETN EE ree in the main fact of the division of 
risen day into thirty hours, which, being perhaps an imitation of the 
iaion of hoa month into thirty days, is unquestionably the ancient and 
oe Hindu method of reckoning time. | | 
The Sirya-Siddhinta, with commendable moderation, refrains from 
giving the imaginary subdivisions of the respiration which make up 








148 ऋणा ee hae 
7. Thus having spoken, the god | disappeared ared, havin given 
directions unto the part of himself This latter person thus ad- 


dressed Ma ya i, as he stood bowed forward, his hands suppliantly 
joined before him: 07 | | 

8. Listen with concentrated attention to the ancient and exalted 
scien श spoken, in each successive Age, to the 
Great Sages (nahersit), by the Sun himself. 

9. This is that very same original text-book which the Sun of 
old promulgated : only, by reason of the revolution of the Ages, 
there is here a difference of times. 

According to the commentary, the meaning of these last verses is 
that, in the suctesive Great Ages, or —— of 4,920,000 years (see 
below, under vv, 15-17), there are slight differences in’ the motions of 
the heavenly bodies, which render necessary o new revelation from time 
to time on the part of the Sun, suited to the altered conditions of things ; 
and that when, moreover, even during the continuance of the Same Age, 
differences of motion are noticed, owing to a difference of period, it is 

customary to apply to the data given a correction, which is called btja, 
All this is very suitable for the commentator to say, but it seems not a 
little curious to find the Sun's superhuman representative himself in- 

is ग that this his revelation is the same one as had formerly been 
made 1 the Sun, sar fh with different data. We cannot help 17. Hing 
rather, a virtual confession on the part of the promul 
gators of this treatise, that there was another, or that there were others, 
in existence, claiming to be the sun's revelation, or else that the data 
presented in this were different from those which had been proviously 
current as revealed by the Sun, We shall have more to say hereafter 
(see below, under vv. Seance of the probable existence of more than 
one version of the Sirya-Siddhants, of the correction called bija, and 
of its incorporution into the text of the treatise itself The repeated 


revelation of the system in each successive Great 4 مو‎ stated in verse 


escnts agri en + It isthe Puranic doctrine (see Wilson's Vishnu‏ م 
p-269, ete.) that during the Iron Age the sources of knowledge‏ 5-5 
become either corrupted or lost, so that a new revelation of scripture,‏ 
law, and science becomes necessary during the Age succeeding. |‏ 
Time is the destroyer of the worlds; another Time haa‏ .10 
nature penne pes This Intter, according as it is‏ > 
aon or minute, is called by two names, real (miirfa) and unreal‏ 
a‏ 





inthis verse! a curious mingling together of the 9 8h ‘tical, the 
metaphorical the great destroyer of all thm 4 26 such, he is 









identified with Death, and with Yama, the ruler of the dead. Time, 


again, n, in the ordinary acceptation of the word, has both its imaginary, 

and its appreciable and practically useful divisions : the former are called 
real (marta, Py सान्‌ 1}, the Intter unreal (amitrta, literally 
“un Synembodied”), The following verse explains these divisions more fully 


jn the ninth verse, 
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5. Thine intent is known to me; :1.am gratified by thine aus- if 
terihes; Iwill give thee the science upon which time ts founded, 
the grand system of the planets, | 
_ 6. No one is able to endure my brilliancy; for communication “a 
T have no leisure: this person, who is a part of me, shal! relate 
to thee the whole 


The manuscripts without commentary insert here the following verse 
“Go therefore to Romaka-city, thine own residence; there, under- 
going incarnation as a barbarian, owing to a cure of Brahma, L will 
11 PS to thee this science 

this verse really formed a part of the text, it would be sa clear 
an acknowledgment as the author could well convey indirectly, that 
the science aay ed in his treatise was derived from the Greeks. 
is بن‎ the grent metropolis of the West; its situation is 
in a following chapter (see अ. 39) as upon the equator, ninety 
viel the west of India: The incarnation of the sun .there as a 
barbarian, for the purpose of revealing astronomy to a demon of the 
Hindu Pantheon, is but a transparent artifice for referring the foreign 
science, after all, to a’ Hindu origin. But the verse is clearly out of 
place here; it is inconsistent with the other verses among which it 
ocours, which give a different version of the method of revelation, 
How comes it here then! It can hardly have been gratuitously devised 
and introduced. ‘The verse itself is found in many of the manuscripts 
of this Siddhinta: and the incarnation of the Sun st Romaka-city, 
among the Yavanaa, or Greeks, and his revelation of tho science of 
astronomy there, are variously alloded to in later works; as, for instance, 
in the Jfiina-bhisknra (sce Weber's Catalogue of the Berlin Sanskrit 
87, etc.), where he ذا‎ asserted to have revealed also the 
Romake Sia iddhdinta, Is this verse, then, a fragment of a different, and 
perhaps more ancient, account of the origin of the trestise, for which 
a8 conveying too ingenuots 9, confession of the source of the Tlindu । 
setronomy, = been substituted liter? Sueh a si कन्न | 
certainly, does not علعما‎ plausibility. There is something which looks » 0 
the same way in the selection of a demon, an Asura, to be the medium 5 
of the sun‘ revelation ; as if, while the essential طلا‎ and value of the ١١ 
system was acknowledged, it were sought to नी a stigma to the source : 
whence the Hindus derived it. Weber (Ind, Stud, ii. 243; Ind, Lit | । 
225), noticing that the name of the Earp sare sovereign Ptolemaios | 
occurs fides inscriptions in the form Juramaya, coujectures that 
ف عت‎ is nn hapa of ra name, and ९५, व denen Naya &६- 
represents the author of the Almagest him ani ०6 
fire is powerfully eu the fact that al-Birinl (see Reinand, ss 
above) ascribes the بالج‎ Anta, which the later Hindus attribute | 
toa Pulica, to Paulus al-Y anini, Paulus the Greek, and that another of the’ 
astronomical treatises, alluded to above, is called the 
_It would be premature to discuss here the relation of the Hinda 
astronomy to the Greek; we अ up, at the end of this 
work, the evidence upon the subject which it contains. 
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According يكنا ما‎ the Strya-SiddhAnta was revealed سم‎ than 
2,164,060 years ago, that amount of time having elapsed, according to 
3 reckoning ning, since the end of the Golden Awe: see below, under 
verse 48, for the com (शु of the period. श Tegards the तत्तत 

te of the treatise, it 1, like all dates in Hindu history and the history 
indu literature, 4 ture कि difficult to ascertain. It is the more 
difficult, because, unlike most, or all, of the astronomical treatises, the 
siryaSiddhiinta attaches itelf to the name of no individual as its 
author, bat द त्स to bo a direct revelation from the Sun (अभव). A 
treatice of this name, however, is confessedly among the earlicst text- 
books of the Indian science. It was one of the five earlier works upon 
whieh was founded the Pafica-siddhintika, Compendiam of Five As 
tronomics, of Vorilia-mihira, one of the earliest astronomers whose works 

jab we been, in (4 preserved to us, and who is supposed to have lived 
‘ oat the beginnin a the sixth century of our era. A Stirva-Siddhinta 
also referred to by Brahmagupta, who is assigned to the close of the 
same eatery ry and the commencement of the one following. The angu- 
ments by which Mr. Bentley (Hindu Astronomy, p. 158, ete.) attempts 
to prove Variha-mihira to have lived in the sixteenth century, and his 
professed works to be forgeries and impositions, are sufficiently refuted 
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| ithe testimony of al-Hirtini (the same person aa the Abu-r-Haihin, a 


/ quoted m the first article of this vo पो who visited India under 
Mahintd of Ghazia, and wrote in A.D. 1091 an account of the coun- 
try: بأد‎ i aks of Variha-milira and of his Pafica-siddhAntika, assign 
to both nearly the samé age as is attributed to them by the modern 
Hy (see Retnaud in the Journal Asiatique for Sept—Oet. 1644, ivme 
Série, iy,280; and also his Mémoire sur Inde). He also spenks of the 
, حاتسقطل لكين مالس‎ itself, and ascribes its authorship to Lita (Beir sur 
TInde, Pe 391, 392}, whom Weber ) Vorlesungen प्ण Indisehe Litern- 
= irre te, .م‎ 229) conjocturally identifies with ىد‎ Ladha who is cited 
by Brohmagupta. Bentley has endeavored to show by internal evi- 
ent n-Siddhinta belongs to tho ond of the eleventh 
century! see below, under verses 20-34, where his method and results 
are explained, and their value estimated, । 
عبل “إن‎ six Vediingas, “limbs of the Veda,” sciences auxiliary to the 
لدعت‎ seri "कत astronomy is claimed to be the first and chief, as ५ 
resenting the eyes; grammar being the mouth, ceremonial the hands, 
prosody the feet, etc. (see Siddhdnta-Ciromani, i. 1214). The import- 
ance of astronomy to the system of religious observance 11 in the fart 
that by it sre determined the Dea times of sacrifice and the like. 
There is > special treatise, the Jyotisha of Lagadha, or Lagata, which, 
‘attaching itself to the Vedic texts, and representing 9 more primitive 
p of Hindu science, claims to oe astronomical Vedinga» bet it 
Betas of lute date and of amal importance, 
“The ‘word! jyotiz, “ heavenly body,” literally Tight,” although the 
‘current names for ustrobomy and astronomers are derived from it, does 
not elsewhere occur in this treatise. पी 


आ = : ५1 ५ च ॐ कः 
| = by these austerities, and rendered por itious, th 
himself delivered unto that Maya, who beso bts bane, 
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the system of the planets. 
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SURYA-SIDDHANTA. 


CHAPTER 1. 
OF THE MEAN. MOTIONS OF THE PLANETS. 
(ज्जा :-—1, homage to the Deity; 2-0, revelation of the present treatise; 10-11, 


modes of dividing time; 11-12, subdivisions of a day; 12-14, of a year: 14-17, 
of the Ages; 18-19, of an Aton; 20-21, of Brahma’s life; 21-23, part of it 


already elapsed; 34, time occupied in the work of creation; 25-27, general 
account of the movements of ihe planets; 28, subdivisions of the circle; 29-33, 


number of revolutions of the planets, and of the moon's apsis anil node, in on 
Age; 34-89, number of days and months, of different kinds, in an Age ; 40, in an 
وما‎ ; 41-44, number of revolutions, in an “Zon, of the apsides and nodes of the 


planets ; 45-47, time elapsed from the end of creation to that of the Gaiden Age; 
45-51, role for the reduction to civil days of the whole time since the creation ; 
§1-32, method of finding the lords of the day, the month, and the rear; 53-34, 
rule for finding the mean place of a planet, and of ite apes and pode: 65, to find 
the current year of the cycle of Jupiter; 86, simplification of the above caleula- 
tims; 57-56, sitaation of the planets, and of the moon's apsis and node, at the 
end of the Golden Age; 59-60, dimensions of the earth; 60-61, correction, for 
difference of longitude, of the mean place of a planet as foun: 62, situation of 
the principal meridian; 68-45, arcertainment of difference of longitude by differ- 
ence between observed and computed time of a lunar eclipse; 66, difference of 
time owing to difference of longitude ; 67, to find the mean place of a planet for 
any required hour of the day; 68-70, inclination of the orbita of the planets, 






1. To him whose sha Pe is inconceivable and unmanifested 
who is unaffected by the qualities, whose nature 18 palsy, 
whose form is the support f the entire ereation—to Brahma be 






4 iid nara त expression of homage to some deity, with 
which Hindu works are wont to commence, = 1 


2. When bat little of the Golden Ave (kria yuga) was left, 8 
great demon (e¢stera), named न desirous to know that 
, 8. That. chief مد امد‎ of ihe scripture (weddnga), in its en- 
tirety—the cause, namely, of the motion of the heavenly bodies 
‘he Stam performed, in propitiation of the Sun, very severe re- 
3 austerities, | | 
TOL. Wu, 19 








necessary. In both the translation and the notes, moreover, 






we keep steadily in view the interests of the two classes of readers for 
whose oh benefit the work is Pte : those who are orientalists with- 
out being astronomers, and ` noes who are astronomers without bein: 

मन्व For the sake of the former, our explanations and त 
strations are made more elementary and full than would be necessary, 
were we addressing mathematicians only : for the sake of the latter, we 
east the whole into a form as occidental as may be, translating every 
ae ince to compel all those who 
may desire to inform themselves respecting the stientific content of the 
‘Hindu पय to learn the Sanskrit technical Ianguage would be 
highly unreasonable, To furnish no Opes of complaint, however, to 
those who are familiar with and attnched to these terms, we insert them 
liberally in the translation, in connection with their English equivalents, 
‘The derivation and literal signification of the greater part of the tech- 
nical terms employed in the treatise ure also given in the notes, since 
such an explanation of the Paced fl term is often exeential to its 
full comprehension, and throws yalaable light upon the conceptions of 
those by whom it was originally applied. | 
फरार adopt, as the text of our translation, the ` 

Siddhfinta, referred to ‘above, following its readin 
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ध 16 १४९0158 without शः in our 
cordances of the two versions, when they are of sufficient congeqienoe 


. far ١ as a! 
peers क्र ee 4 
at 


technical term which admits of tranalation ° & 0 


5 of ^ 


> to be worth notice, are mentioned in the notes, 


Pate pacity transcription of Sanskrit words in Roman letters, we 
व that ८ represents the sound ‘of the English ‘chin 
. resi i," Italian ¢ before र and i: that j isthe: + that ¢ is pro- 
hears bed like the English ah, German sh, French ch, while sh is a sound 
early resembling it, but uttered with the tip of the congas turned back 


‘into the top of the eet as are the other ten سيد‎ 10 






॥ 1 


| finally, that the Sanskrit 7 need as a vowel (which valine it has शा) in 


_ -#ome of the Slavonic dialects) is written with 3 dot underneath, as r. 


~The demonstrations 0 i a les and processes given by the native 
eommeéntary are made without: help of figures. The 0 which 








nee are for the most part our own, alfhongh a few of them 
suggested by those of a set obtained in India, from native mathe 


discussion of such general questions relating to this Siddhinta‏ د 


“feta 8 Its authorship, the alterations which it may have nndergo 718 
1 3 । Being brought mto sit pa a form, the stare which jt rep resents 
in the p rogress sof Hindu 3 science, the extent and charactor 


the talotion of सथ Knowledge displayed in it, and 
“the Palatio nof the same to that of other ancient ie ed pecially of 








र 1 عكر‎ 


the rela is 
the Greeks, the reador is referred to the notes upon the text. The form 


in which our publication is made does not allow 75 to | एलः च 
ع‎ preface, the final results of our Se وه‎ into ‘Kase’: 3 ae 
Bre cad Of Oe 60 present अतु a summary 
at the end of th ales de connection with the additional notes and 
other matters to be there given, | । - 
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Stirya-Siddhénta | 148 


Sanskrit College at Pina, But notwithstanding this, there remained 
nota few obscure and difficult points, connected with the demonstration 
and 0 of the processes taught in the text. In the solution of 
these, I have received very पि rtant assistance from the Committee of 
Publication of the Society ey have also—the main shore of the 
_work falling to Prof, Whitney—enriched the notes with much additional 
matter of value. My whole collected material, in fact, was placed in 
their hands for revision, expansion, and reduction to the 1 best 

answering to the a vents of modern scholars, my own Pi Soe 
occupations, and distatice from the place of publication, as well as my 
confidence in their ability and judgment, leading me to prefer to intrast 
this work to them tather than to undertake its execution myself. 

We have also to express our Yale Callens, 015 to Mr. Hubert A. 
Newton, Professor of Mathematics in Yale College, for valuable aid ren- 
dered usin the more difficult demonstrations, and in the comparison of 
the Hindu and Greek astronomies, 98 well as for his constant advice and 
suggestions, which add not 9 little to the value of the work. 


The Strya-Siddhanta, like the Bis ite jon of the Sanskrit litera- 
ture, is written in the verse commonly 1 the loka, or in stanzas of 
two lines, each line عدا‎ composed of two halves, or pddas, of eight 
syllables each, With its metrical form are connected one or two pecu- 
liarities which call for notice. In the first place, for the terms used 
there are often many synonyms, which are emplo 1 according to the 
exigencies of the verse: thus, the sun has twelve different names, Mars 
#ix, the divisions of time two or three each, radius six or eight, and so 
on. Again, the method of expressing numbers, lange or small, is by 


partis, thi the figures which ee them, beginning with the last and 
poise ولع ةا‎ nsing for each figure ना Si Mes per name, 

Prt that of न object associated in the Hinda mind with the number it 
represents, Thns, the number Ak gnarl + 37) is thus given: 
Vasu (a class of deities, eight in number) -two-eight-mountain (the seven 
mythical chains of mountains) -form-figure Selden ec igits) -seven-moun- 
tain-lunar days (of which there are fifteen in the half-month), Once 
more, the style of expression of the treatise is, in general, excessively 
concise and elliptical, often to a degree that would make its meaning 
entirely unintelligible without a commentary, the exposition of a native 
teacher, or such م‎ knowledge of the subject treatod of as should show 
what the text must be meant to say, Some striking instances are 
| out-in the notes, ‘This over-tonciseness, however, is not wholly 
2 to the metrical form of the treatise: it is characteristic of much of 
३5 Hindu scientific literature, in its variows branches: its text-books are 
want to be intended ns only the text for written comment or oral expli- 
cation, and न rather than fully = oe: the meaning they contain, 
In our translation, we have not thought it worth while to indicate, by 
parentheses or otherwise, the words and phrases introduced by us to 
make the meaning of the text evident: such a course would occasion 
the reader much more embarrassment than satisfaction, Our endeavor 
is, in all cases, to hit the tron mean between nnintellivibility and काकि 
ness, altering the phraseology and construction of the original only so 
















न ene २8 


upon Bailly and the éarlest.of the, essays in. the Asintio Researches, 
partakes, at *, of the incompleteness of his authorities. Works 
of value have been published in India also, into which more or less of 
Hindu طايه‎ enters, as Warren's Kila Sankalita, Jervis's Weights 
the like; but these, too, give, for the most part, hardly more than the 
practical (कमा १ in parts of the ५ कत em, and they are, like 
many of the authorities already mentioned, only with difficulty accessi 
ble. In short, there was nothi ng in existence which showed the world 
how much and how ttle the Hindus know of astronomy, هه‎ 2155 their 
لوطع ألم ده‎ esenting the subject im its totality, the intermixture in their 
science of old ideaa with new, of astronomy with astrology, of observa 
tion and mathematical deduction with arbitrary theory, myth ology > 
cosmorony, and year re imagination, It seamed to me that nd cr wo 
no well su 0 he deficiency as the translation and detailed ex ication 
of a complete treatise of Hindu astronomy: and this work I accord 
ingly undertook to execute, 

Amon 2 the different Siddhintas, or text-books of astronomy, existing 
in India in the San आ मप aire, त appeared better suited to my 
purpose than the Siirya-Siddhanta, ‘That it is one of the most highly 
esteemed, best known, and most ون‎ न employed, of all, must ba 
evident to any one who has noticed how much oftener than any other 
it is referred to as authority in the te pica A on the Hindu astron- 
omy. In fact, the science aa practised in - India is in the greater 
part founded upon its data and processes. In the lists of Siddhintas 
| $ by iven by native authorities it see sin invariably mentioned second, the 
Ei Siddhinta being placed first: the latter enjoys this preminence, 
perhaps, mainly on account of its name; it ia, at any rate, compara- 
tively rare and little known, वि For completeness, simplicity, and त्वात 
ness combined, the Sirya-Siddhiinta is believed not to be surpassed by 
any other. It is also more easily obtainable. In general, it is difficult, 
without official influence or exorbitant pay, to gain possession of texts 
which are rare and held in-high esteem. During my stay in India, | 
was able to procure copies. of only three astronomical treatises besides 
the Sdrva-Siddhinta: the : नु of the Brahma-Siddhanta, 
the Siddhanta-Ciromani of Bhaskara, and the Graha-Laghava, of which 
the two latter have also been printed at Calcutta. (CH the Sirya- 
SiddbAnts 1 obtained three copies, two of them : कि the text alone, 
ani tary cntitled G prakaicaka, by 
pics gana mganitha, of which the date unknown to me. The latter many- 
iptagrees in all respects with the edition of the Strya-Siddhanta, 

ad by the same commentary, of which the publication, in the 

४.101.153. Trad this mmenced in India: by‏ ا مك jG Ra aa‏ يننا 
an ican scholar, and 9 member of this Society, Prof Fitz-Edward‏ 
Hall of Bonares; to this I have also had | although hot until my‏ 
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Sanskrit and well versed in Hindu astronomical श Ina eae 


_ My first rongh احاح‎ gory of the translation and notes was made while I 


also I received help from the native Professor of Mathematies in the 








ARTICLE 1. 


TRANS LA TION 
aa 
SURYA-SIDDHANTA, 
A TEXT-BOOK OF HINDU ASTRONOMY; 
WITH NOTES, AND AN APPENDIX. 


Br Rey. EBENEZER ee F 
YORMERLY MISSIONART OF THE A i. ©. 7. MIN INDIA, 
ASSISTED DT THE COMMITTEE OF PUBLICATION. 





_ Presented to the Society May 17, 1658. 


Inrzonecrory Norte. 


Soon after my entrance upon the missionary field, in the Mar&tha 
country of western India, in the year 1839, my attention was directed 
to the preparation, in the Marathi language, of an astronomical text- 
book for schools. Iwas. thua led to.a study of the Hindu science of 
astronom ys as exhibited in the native text-bocks, and to an examination 
of what had been written respecting 1५ by European scholars. 1 at 

i. -onee found myself, on the one hand, ighly interested 7 the subject 
“ itself, and, on the other, somewhat embarrassed for want of a satisfactory 
introduction to it. A comprehensive exhibition of the 4 yatem had 
nowhere been made. The Astronomie Indienne of Bailly, the first ex- 

‘tended work upon its subject, had long been व red to be founded 
upon insufficient data, to contain a greatly exngee erated estimate of the 
evel and value of the Hindu astronomy, and to have been written 
~ for © purpos pare supporting an untenable theory. The articles if the 
Asiatic Researches, by Davis, Colebrooke, and Bentley, which were the 
first, as they still remain'the most important, sources of knowledge re- 
Spec अ the matters with which they deal, relate only to share 
: कः عام‎ in the system, of especial prominence and interest. Bentley's 
volume on Hindu astronomy is mainly opus jed with an endeavor to 
ascertain Abt aps ge of the principal astronomical treatises, and the epochs 
of astronomical discovery and i ress, and is, moreover, even in these 
Selcuk. ta be Hee unsafe guide. The treatment of the subject by 





ory of Ancient Astronomy, being founded only 
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ut, Particles of the Isizulu, ete. 


Pall along the eastern coast of Africa, in both 
nouns and verbs, all of we same import 25 27127170 and win 
unga in the Isizulu; thus, Cape Delgado, oe longo, it ॐ false, a 
falsehood, a lie; st wongo, it is not a lie: Suaheli, turongo, a lie ; 
nena urongo, aA 9 lie; Nika, ए a 2 Hes 8 he: Kam 

पर्णश्च 4 le; a pa uicungu, to tell a lie; (गाछ, ऋक 9 
ا‎ Hian, anga, ae: Mpongwe, noka; Setshuana, aka—to lie 
58. Hwe, a simple form of assent = yes; Suaheli, wa; Kam 
bo, uo, wite—yes. $ : 
o4, فاط‎ an expression of assent = yes, it is =. Mpongwe, 
th; Mandingo, aha; Benga and Setshiana, € or ch—yes, = 
65. Jishi, té/ilo—the frst form a er ca ध ५ second 
(the pronoun 1, referring to inkosi, the chief, + éshilo, t < $ resent 
perfect tense of tho, speak) = قط‎ bas spoken, assented, सी ed ; 
“hence, yes, truly, it must be so, oe | | 
56. مه[‎ (ye + bc) = yes, indeed! Setshuana, مل‎ Mandingo, 


“ye—yes. 


Tn the Isizulu, as in many other languages, especially amon 
the tribes of Africa, the 4 word Bp send ypears, according to its Pe 
and connection, sometimes as =. तष्टा, and sometimes as د‎ 

२ ses feposition, or a8 a conjunction, Several words which are used 
in the twofold capacity of an adverb and a preposition, when 
they serve as the latter, are ai ie haben y another, as by 
kwa or na; thus, per يروما‎ (twa + umuti), upon the tree ; 
عسات‎ neniaba (na + intaba), near the mountain. 

This use of a com aera preposition prevails in many of 
the cognates of the Isizulu; thus, in the Tete and Sena, च्य 
pa-, in the midst of; ooh orn patsika, in the midst of the night, 
. Irn midnight: Delacoa, tehtkere kadiambo, mid- 
10106 १६५५ va-; 25 nzua vamuru, midday ; ree : 
q-* ag weakati wam/ula, In the midst of + 
ter. So in the Suaheli, tint ya-, under; ju wa- 
, tna yo-, under; zulu ,من‎ over; Pokomo, nasi ५५ 
under; uluwa-, over; Hian, pasi ya-, under, ete, like the Zulu 
pansi kwa-, under, pezu kwa-, over. Or perhaps these and similar 





























Del Delgado, 111 
‘rainy season, win 





exam ६ should be considered as instances of = fol- 


lowed by a enitive, and more like the use o MENA क~; 
us, معدي‎ yake, on account of him, for cause of him. In fact, 


all examples of this kind serve to confirm the opinion that many 


of the prepositions were originally nouns, 
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Now take one of these words, the verb change the 
causative into the reciprocal form, shimbana, restore the radical 
consonants to their original strength and simplicity, sh to s, and 
mi to 4, and we have shana, the form of which im the locative 
would be sinyaneni, contr. sinyane; and prefixing the adverbial 

(ऊ ma, we have masmyane; and from this, by prefixing ke, 

ve kamastnyane, contr. Aamsinyane ; contr. again, kamsinya. 

gesibomu, ngamabomu (nga + isibomu or amahomu, pur- 

pose, design) = by design, on purpose, willfully; Niks, méomu, 
great; ubomu, greatness. 

44. nje, an adverbial particle, signifying like, as, so, thus 





and used, for the most part, in composition: thus, njalo yan 
pO a, konje, Kamba, yau? how? Hina, 4 ५ how ? Man 
, hyd, & manner, a method 7 how?’ in what way? 


ngwe, ga, like, same lena, a similar; Benga, nja? 
who? what? Setshuana, ibaa spices as, like; yuana or sa 
yurlo or yalo, thus. 
45. Njalo (nja, like, + fo, dem. adv., this) = like this, so, thus 
"esis + njalo), thus, so, likewise. Inhambane, 
kararo, thus 


ngewe, ga, eqaleni, yend, 
aren and £a, so, thus, after this (श Setshuana, yualo, yalo, 


46, Ing? (i, it, +0? what? euphonic y حل‎ tnt; sini na?) 
=why? नद [जनित mre 2, , 1. कोना? Quilimane, 
व why? Cape Delgado, nini? why? Suaheli, Nika, and 

0, uani? why? 

47, Ngani na? (nga, with or by, + ni? what?)=how? why? 
Wherefore? Inhambane, para kinani? why? Sofala, ngenye? 
why? Quilimane, parani? why? Suaheli, kweni? kua nini? 
gant? Nika and Pokomo, sr peng أن ولج‎ Meier 

na? kanjand na + + ni ow? like 
الت‎ arent karini? how ? Sena’ त Nika, 
and Pokomo, Auani? nini?—how ? 

29, Nin na? م‎ what? + ni? what?)= when? Sofala, 
Tete and Sena, Nika, and Hiau, rin’? Quilimane and Mosam 
es fina ?#—when ? 








negative a poss oes and strengthened by the aid 


of the vowel i, and sometimes also by the semivowel y, ay; 
it ma also an initial breathing A, giving Aai, or Aayi—no, 
bique has wi; Maravi, iat; Tete, ai-ai; Mandingo, 


Setshuana, ga— 
_ 51. Aitshe (a, no, + tshe, no, obsolete in the Isizulu, but still 
bl: a 5 the Betshuana) = رمم‎ not so, not that, but; Sua- 
52. Amanga, a noun plural, लं snifying: deception, falsehood, 
Sear hence the adverbial Tha et 2 ng it is false— 
m the verb wu unga, to feign, deceive, entige This root 











Aaningi, kuningi (ka, ku, + ningi, much, many) = often 
uch, plentifully; Delagoa, nyings; Inhambane, singi, 
ting; Teta and Sena, vinshe: Mosam ध wdzhe ; Cape Delga- 
do, ayingi—mueh; Suaheli, Nika, and Pokomo, nenji; Mpong 
we, myer wana, gonési—rmuch, often 
Kahie, kulila (ka, ku, +- hie, nice) = well nicely, beauti- 
fally; Nika, wizo; Kamba, neza setahuana, singtle—well, 
ए, Often; Sena, futi, singe aan gwe, fa, again 
Compare Gothic, ujta; English and Saxon often, 
مدلا‎ (noun inca =side, sake, portion, interest) = where, 
10 when. Ngenra (nga + inza), on account of. 
ie pe + 8 word, or part of नः robably from the verb ka 
classed as an adverb used. sometimes by itself, espe- 
In & negative connection, but more frequently in. com 
thon, to signify present, extant, in being, here, there. The Pete 
Sena dialects have १६७; there; Sunheli and Pokomo, Auke ع‎ 
‘Nika, Aiko (क akoko—there; Setshuana, mo, kua: and 
Mpongwe, wo ere. 
41. Aonje, manje = immediately, now. speedily, are generally 
posed to be compounded of the adverbial त ko or 
ne = thus, so, in like manner, But the ordinary use of 
ick nye, Nya, Goes not readily suggest the idea generally expressed by 
these words onje, manje= immediately, etc., unless we are to 
suppose that the notion of similarity, which nya is used to ex- 
press, bears hard upon the notion of sameness = same time, at 
once—a suggestion which has some color of support from the 
of the probable'synonym ga in the M pongwe dialect, which 
18. there defined as ory ying both like and same. For further 
remarks on these worda see the next. 
foamsinyane, kamsinya) s00n, im- 
mediately, speedily cant quick, now, was probably derived from some 
moun or verb (now obsolete in the Isigulu signifying speed, 
to hasten, be quick. And keeping in mind the lawa of muta 
hon among consonants in the Isizulu and its cognates—that و‎ 
sometimes gives place to ts that ¢ changes to th, and sometimes 
toy; mto ny; and md dy ساو‎ in mind also that the 
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nasal morn 1s not ely radical in some words, but introduced 
to soften down the bard elastic nature of a mute. m being taken 
by a labial, and n by a lin لم لدي‎ is not improbable that further 





rove both manje and masinyane, and possib] 
the verb tshetsha to have a common Origin, and to be perhana. 


tadically the same as some of the followin words in ate 
> 8०५५ Nika, 84. at Cape Delen श 
sambe (changing mb to nj = sanje, meani 6 the same as the Zulu 
sock mje) = now; Hiau, sambano: Tete an 19, ku tahimbetsa— 
quick: tshimbitsa, shimbisa, shimbisiva tshimbiza, fast, quickly ; 
tshimin-tshimbi, indo, Immediately, $ 
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harka duwa dujfe, he comes with empty hands (i, ९. hands alone, 
hands only) = Isizulu, tanh = 4 € 

23. Aanti (ka + क or anh, the contrary, but) = on the con- 
trary, but, whereas, yet, nevertheless; Setshuana, kanti, whilst 

ba, ndi, but, yet; Mpongwe, ndo, but; kands, because; 
Ingo, waranie, or, or else. (Query—has this word any con- 
nection with the Greek di, Latin ante? 

24. € एकरा), empty, naked; noun, ize, ilize, also wiuze, vanity, 
emptiness, nakedness, nothing; Sena, عتمم‎ (pat tre), 8156; peri, 
IM Vain; sapeu, empty; Mpongwe, zyele, not, nothing. 

26, कवु हि ८; verb, प द, to grow 
large) greatly The root of this word is very common in the 

alects; thus, in the Delagoa, the adjective kulu, great 
Inhambane, kengolo; Sofala, guru ; Tete and Sena, kuru; Cape 
0, (६५१ i ese So in the Nika, mtulu; Pokomo, mku ; 
Kiriman, ula; Kisama, Lubalo, and Longo, kolu; Kasands, gola 
Orungu, mpolo; Mpongwe, نادم‎ and mpolu—great; Setshuana, 


one, 

6 71 day betas مر‎ प्ल, fangu, since; لهم‎ 
miaka miwih, since two years and Pokomo, fangu, since 
hangu miaka miiri, since two years; Pulo, anki, 





11 ; 
27. 1०20, yesterday; Delagos, aiolo; Sofala, Tete and Sena, 


suru; Quilimane, nzura, nzilo; Maravi, dzulo; Nika and Poko- 
mo, 2ana Basunde, sono; Kiruman, nzilo ; Nyombe, 
con Mimboma, ozono; Musgentandu, zonu; Ngoala, exo—yes- 
४ 

28. Ausasa (ku, it, + رمد‎ -yet, +-sa, dawns; ekusent, locative case 
af uku sa, to dawn) = early (to-morrow morning); Mosambique, 
ulana, early; ,متم امن ,ملعب‎ in the twilight; Kamba, Aatene, early 

20. Amani, at mid-day, in the day-time; Avekwom, eminz, to- 

1 Kfik, पनि, to-day. 

¢ nlamboma, ‘matambam', afternoon, towards evening; Cape 

Delgado, ruremba, भभ ; Delagoa, adiamba va-pela, sunset; 
Inhambane, dambo ya g sunset. 

31. Ngomso (nga + umso, in the morning) = to-morrow, from 
the verb wku sa, to dawn Cape Delgado, matsesu; Pokomo, 

Suaheli, besho; Setshuan —to-morrow 

32. Spon na+- uma, with the day, this very day)=to-day; 
Delagoa, namasia; Sofala, nyamashi Th anse, to-day. 
पाद (nya + imahla, pl. of umbla, day—by deve 
rzonke ; Mpongwe, nishwg' wedu, (every day}—daily 
#4. Endulo, anciently; mandulo, at first (from ukwandule, an 








lela, to be first): Mosambique, nyuludu, old; Hian, 
ass a; Nik, i Suaheli, व अन €. 
an ye + one)= once, ato er 

Tete, थमी 4 


mo and Mosambique, vamoza; Setshuana, gangue—onee, together 
TI. 18 ॥ 





ई verbs, wku va, 10 ,عدم‎ follow after, and wku duya, to return. 


Already we find: in the Batanga, via, come; Mpon ere) hia > 
Sofiln, via; Mosambique, pia; Delagoa, buia—come; Nika, tua, 
follow; Suahehi, juata, follow - N । प्च return, The Mpongwe 
has the adverbs fa and “< again, 

20. Meno, nganerio. The radical substance and general import 


this side, prevail extensively in the cognates of th तनि 


of the adverb and preposition neno and nganeno, signifying on 


sizulu. In 


some dialects its use vorresponds to that of the Zalu ap; and in 


some instances we find the two, or parts of the two, combined 
in one word; and in some dialects we find va, where others use 
either apr or neno, Thus, Hinu, hapane, art ten os Suaheli, 

hapane, thence; Quilimane, uno; Tete and Sena, Cuno—here, 
side; Tete, zant kuno; Maravi, deanit kuno—come ye 
1 फ gtinu, here; Setshoana, 3261 kuenu, here; 
to-day; Quilimane, wranene, now: Mosambique, ' 








nanan, nanano, now, soon, just now: Tete, capanupanu, now. 


Tn Tsizulu and Inhambane we have epa; in Tete and mena, Luno; 
and in Mosambique, va—here. 

This adverb and poe ition neno js evidently compounded 
of a 1 reposition (in the Zula, na), and the pronoun second per- 
son plural (in the Isizulu, the conjunctive, genitive form, inw or 
env, the sharp final w being softened to‘, thus na-+-inu or eno 
=neno) = within from you, between the person speaking an 
those addressed, this side of, hither, here: as nganeno 46240, this 
side of thee. Hence si lapa, we are here present (apa, close by) 
—# nent, we are with you, on'this side of (from whieh we ad. 
dress) a ou. = So in Tete and Sena, (0 (= 0, to, by, + no, soft- 
ened from the suffix pronoun nw [25 in (११११, tan, २01४, ete, = 
yours, of १०४) = by you: Suabeli, hapano (pa or apa, by, + the 
pronoun nw); Hiau, hapano—thence, hither, here; Setshuana, 
20 al । in, Among, + ent, suffix pronoun second person plu- 
ral)= here. So kuanw (tua, at, + enu)= here; مل‎ we, qunu 
(go, at, to, + anuwe, ye, contr. اللي‎ =here, See also Tete, zapa- 
nupant; Quilimnne, uvanene; an Mosambique, nananu, naneno 

Dial Malu (11 Siena, h 

2) ngana (adverbi relix ma, gana, be straight 
with—reviprocal’ form of the vers tanga, be straight, right) = 
straight with, over agai inst, opposite to, side by side, near, 

22, Kodwa. The Isizalo has hodwa (ka + وم‎ or ५०८८) = 
only, Simply, singly }-and its various pronominal forme, as nged- 
way sodina, yedwa, boda, zodwa, छत, I, we, he, or they alone, 












‘The Inhambane has motto, muédo. one; Quilimane, moda, mode ظ‎ 


one; Mosambique, moza; Maravi, modze> Kansan "Soho" abel 
न्‌ १.२] त 11111 and mos - Mato, प्रववौ - प + aaa 


moza—one; the Galla and Pokomo, Koda, a part, p 00 the 


Galla, dua or رمك‎ empty, void; merely ; th 
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and mle; Kum, me and mit ba, Bamozn, and Momen 
Nhalemoe, Param, Pa pa, Ps 2105, and Pok ee 
two; Kamba, ili, two Kambal ie, two; Suaheli, mili; Nika, 
ظ‎ Kiriman, belt; Meto and Matatan, peli—two. Kamba, 
१५५, Suaheli, mbele; Nika, Pokomo, Hiau, and Cape Delgado, 
mbere—before; Sena, Lumbare, rae a; Tete, न by the 
sie; mbare, along beside; Sofala, pambedshe, before; (17४, 
mbani, two; Mpongwe, mbani vant, ambani, two; काह, or: hambe 

त. kambenle, wherefore; Benga, tombeti, either, or; thal, two 
Wakuafi, arre, warre, two; Setshuana, gaberi, twice; kapele 
fore vith 8 perhaps. So the verb, in Isizulu, pamba, cross, 
oppose ; Ipongwe, simbia, ieee We may notice also the 
resemblance, at least external, between some of these Hamitic 
words, as pambuli, kapele, before, in front, and the Hebrew न 
(3p), the front, over against, 

16. Kade, kude. Corresponding to the root dz (kade, ude, long, 
far), the Kamba has nai, far; Suaheli, nde, abroad gre, 
da, nda, long; Setshuana, gufe, far; guteni, far off ९24: 
high; Nika, kure, far; Tete and Sena, بنط‎ far, distant 

17. AKatshana. to the form of this word, we must 
regard it as « dnincuve of ti (umicati, } =a short space 

distant, not faraway. But the use of the word by the 

natives always indicates rather a long distance, remote, far away 
Hence they sometimes define it by giving عمسا‎ as a synonym; 
and they have recommended it as a proper rendering of such 

00 yh ba er “be not far from me, 0 Lord” bi 
Latshana kumi, Nios’. It would be more in accordance with the 
signification which the natives give this word, to suppose it a 
diminutive of de, far, long, distant, a formation not much un- 
like Gone na (im na), from impande; so kade, dim. ~ 
भय cadzhan he Bel Kitik has amjan, long; the Kongo, tshela 
: Sofnla, ,دنجم‎ far, which would make the diminutive (पा 
jana (tandzhana) little far Mandingo, jang, long. 

Eduze = near, close, not far away ; Galla, deo, near; Mo- 
[हा ee च kamva) = after, behind, 
va (emuva, ngemva, nga semva, 

in the rear The eve on Sena dialects have duio, mumbuta, 
kumbuio, after; ngambuire 9. Benga, ombwwha, behind 
Inhambane, cry tea his word, emva, 18 a noun origin 
all २.५ the verb va (uku va, to come) = come, 
fol iow after; from which verb we have also the noun. wmvo, a 
remaimder, or an excess over and above ten, twenty, पः 
any exact number of tens—what comes after ten or te d, 
as the native counts with his fingers, when he has gone through 
with both hands and made ppt he ren ache. ar 1 


over the same er kno of 
may show still ग than we now see, between the 














| भ upwards; Mosambique, vazulu, bale sate, over, 
above; ri ili mga ine, vazurt, above; Suaheli, ju, above; yu ya-, 
over; Nika, sult, above; zulu ya-, over; KamBa, ulu, above: zulu 
ya-, over; Pokomo, بنج‎ above; ulu wa-, over; so the 1 
peu, above; 9 kwae-, over. The noun itself may be t 
pa ch farther; the following are a few specimens of its forms in 
di t dialects: Fanti, سك‎ sky; Avekwom, extube, sky; 
Kongo, दव Emboma, mu; Basunde and Babuma, ५५० lu ; 
Mbomba and Bumbete, yoo; Kabenda, yilu and ا لمي‎ Ka 
५ पक and श 01 heaven. | 

13. Enkla, ae nhie, The preposition ९५, up, above: 









and the adverb enhls, in the field, abroad, +. also 1 


(20 + enile), without, outside, abroad—are all derived from the 
noun 71/14, an open field, waste, desert, wilderness, an unculti- 
vated, desolate section of ८4 ‘+; hence, an elevated, up-land 
district, since the natives prefer the rivers and fertile valleys; and 
hence the significations of the adverbs and preposition, abroad, 
oe see pee The Inhambane has papandshe- Sof; 9, Auned- 
sha; Tete-ond Sena, and nae eas kunsha and kundsha— 
without, outside: Suaheli, nde; Nika and Pokomo, nse; Kamba 
nea; and Setshuana, ka intlek—without. abroad. << ॑ 

14. Pakati (pa + hat, the root of umkati, space; tsikati, time) 
=in the : Begone within, inside. Among kindred dia- 
lects ‘we have the following: Delayoa, tshikerre ka-, in the midst 
of; Tete and Sena, mukat, within: pakati p2-, in the midst of; 
Cape Delgado, wakati wa-, in the midst of ; Suabeli, kati, middle- 
ob aH, between; Nika, kahi, middle ; kahikahy, between : 
Kam 5 kati, middle; kati ya-, between ; Pokomo, kas middle; 
kak ,الما‎ between; Hian, jirikati, middle; एकः betwee. 
Mpongwe, gare, go gare, middle, centre, between - Setshuana, ka 


gare, between. 













15. Kamin, kumbe, pambi, pambiti, kabili. Tn the words kam- 
éi, of course; ता ١ الهم‎ or pambili, in front, be- 
fore second [99 


; and kabili, 1, ات‎ han two), we find radi- 
3 ly the same element or elements, and the sam generic idea, 
oth in abe Isizulu and in many of its kindred dialects, viz, : Bi, 

mbt or mbe, hilt, mbili, mele = clue, other, opposite; and hence, 


soeond, two, me before, of course, perchance, perhaps. The 


ropt mobs is | heard occasionally, es especially from the older 
كه‎ 


an adjective, in the sense of other, another; thua, द ngi 
Casi thai elimbe, I do not know another saying, proverb; 80 
tsindaba exmbz, other matters (=isindaba ezinye). "This root. mb 
having | 1 1 | 1 final instead of 3 12 not uncommon in the Kafir (Koga) 
dialect, where it sey signifies another, other, a different onc. 
In some cognates of the Isizulu we find one element of the full 
form mia or mbelz, and in some another element: and in other 


cognates the two combined: thus, Pokomo, mét, two; Ndob, bs 
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ut, short; jajufi, near; 
Pe short; Setshuana, . 
gauji, near; Kongo, toi, short. In both the form and import of 
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10. Awfupi = short, near, not far distant. The root of this 
word, fupi, may be traced in many cog ates of the Isizulu: m 
the Inhambane, Tete and Sena, pups near; Suabeli, جمرب‎ 
short; Aarudi, near; Nika, 30 short ; efi, near; Kamba, mt- 
व short; teagmwe, near; Pokomo, my 

boma, kufe, short; Mpongwe, peand نك‎ 
this word, there 15 much to suggest that it may be radically a 
mere reduplication of pa, originally = papa, near by. | 

11. धडा कका, The root nsi, or ansi, which occurs in 
corns (ext + ansini, contr. ezansi), the لس‎ B plural of an obso- 
0 Zulu noun = sand, oe toe bed of ae et and 

ence idee signifying sea-ward, down country, r down, 
aground—which root occurs also in pansi (pa + nei or ansi)= 
aground, on the ground, down, beneath, below, under; and 
is doubt ess seen also in amanz = water, the sharp aspirate 
8 having passed over into the weaker « of the same organ— 
is found, in substance, still in use with a similar meaning, in 
many भ Nhalemoe, nsfu, sand; Melon, nae, sand; 
Ngoten, ashe; Mbofon and Udom, nshishe; Eafen, aseve; Orun- 
Bu, desey deseye, pl. maseye; Babuma, adsiie; Undagza, ese, pl. 2 
siei—sand: Fanti, uu, water; Quilimane, nuinsii, river; Aulu, 
amanzi, water, loc. emanzini, in the water; Param, nz and nee; 
rags in, عفد‎ and ndshi; Pati, ndst; Bayon, ndsiih; Mbamba 
1 Bumbete, andsha and mandsia; Kirunan, manedshe—water. 
So also, Cape Delgado, madshi, water; pansi, low place; Tete 
and Sena, madsi, water; pandsi, low place; panze, or pandze, be- 
neath, on the ع‎ und; Sofala, madsin, water; pas, ८ lace; 
Quilimane, (Kiriman?), mandshe or mainsie, water; Maravi, 
पवतर or matse, water; panze, beneath, on the ground; Cape 
Sas om do, sini, beneath; इलः. maishi or media, water: nti, 
earth; tint, below; fini ya-, onder; Nika, mari, water; दम earth; 
sini, below; sini ya-, under; Kamba, mana, water; ndi, earth; 
deo, below; deo ya-, under; Pokomo, maz, water; naz, earth, 

w; ns ya-, under; Hinu, messi, water; past ya-, under; 
Setshuana, metse, water; tlase or thlase, below, beneath, under 

The connection between ezansi and pansi in the Zulu dialect, 
and man म the above words in its cognates, will be more appar- 
ent by rving that the ड in these Zulu words has a kind,of 
guttural aspiration, which some have attempted to represent by 
the use of ¢, and. by 06 the words, as they are generally 
written in the Kafir (Xosa) dialect, thus, ezantsi, pantst. प 

12, Pezulu, pexu. The adverb 7११४) عد‎ = pesu = over, 
above, on, upon (ps near, at, + tzulu, sky, heaven), 18 found am 
many of the neig Donte dialects.. In some it consists of the 
noun alone; in others, of the noun and preposition pa, or va, as 
in the Isizulu; thus, Tete and Sena, parwru or dusuru, over, 







0 व whither? whenee? So the 
16 ادج دكين نمت‎ 
whence? whither? Suahell, wangayi? which in number? In 
| the पकती we find the interrogative pronoun ni?—= what? and 





pa, combined in the word parnio? why? wheteby? wherefore ? 
Eoin the Quilimane Pie 3 ni why? because of ‘he Benga has 
ove? which? where ५५ भ Bornu language: yimpeP at 





THOSt kirpi? which s fave? perpt? which horse? 
4 Phe root of the anme adverb is seen तद्वा in the Zulu inter- 


rogative po? poye? why? po ini? then why? ini po? why 
1 6 classical باه‎ will readily observe the likeness, 
4 both in form and import, which this particle bears to the Greek 
a woe, where? ais, how? aot, whither? ete. 
\ Many Hebrew scholars derive the Hebrew preposition d (2) 
: from the noun Leth, house, in the house: henee in, by, near. In 
; = some matances its Hamitic equivalent pa (pa, va, ve) carries with 
1 it the idea of being at home; بقصط؟‎ Sena, a ri por is he at home? 
Mosambique, ngi ya ve, I am at home; mukungu wa va, the 
master is at home; १ Ai vo, he is absent. 
wes 7. 0 15 a demonstrative particle entering into the composi- 
tion of the demonstrative pronouns, and of a few of the adverbs; 





this, Jou (lo + षुः \ #), this, then, when; Japa (ia+-apa [a+ pal), 
here; (ape, عد اد‎ ya, ¥ onder. | ए ध 
| 8. Yais an adverbial suffix, derived, perhaps, from the verb 
wkd ye, to go; denoting distance in place, and generally accom- 
pan pene ices धकप ie fe as pointing the finger, or inclining 
the head= yonder. Thus, leva, that, or there yonder; lapaya, 
away yonder. The Sunheli has ya kule, far: Pokomo, kuye, far, 
distant. The Setshunna and M povgwe make use of /a in a 
similar manner: thus, Setshuana, kakala, far, distant; Mpongwe, 
Ia, distant: so the Hian, Lula, distant: ش‎ | 
9. Apa, apo, apaya. In the adverb apa, we have the insepa- 
table pa = near, close, by, and the ees particle-a, which is 
mes preceded and strengthened by the demonstrative la; 
thus, apa or lapa, here, at this place, hither, at the time, when: 
apo or lapo, there, at that place, thither, where: apaya or lanaya, 
yonder, at a distance. In some of the neighboring dialects, this 
‘adverb has reference to adjacent or contiguous time os well as 
5 ४ Thus, Inhambane, apa, here, now; apa apa, just now: 
Mpongwe, vena, here; vate, soon; vale-vena, now; vava, there ; 
gana and mevana, yonder; Suaheli, Aapa, here: Nika, Jdva + 
ror Pokomo, hafa; Hiau, hapano—here, hither; Suaheli, hapo, there: 
maheli hapa, hopane, thence : Nika, Lua hive, hence (from here); 
| Benga, okava, here; okevant, there; ovani, there. yonder; ove, 






































(011 


Particles of the Isizulu, ete. 181 


6. Po, The inseparable particle or preposition pa = close, 
near, by, at, in, among, which enters Into so many of the ai- 
verbs and 200 in Isizuln, enters in like manner into the 
‘Composition of the same parts of speech in numerous African 
dialects, and is closely allied, if not identical, with a similar par- 
ticle in other families of language. Thos, in the Tete and Sena, 


iru, above; 0 or कथ, below; pangoro pangero, “00ج‎ ` 


ally; pambari, by the side; paboze, only; pafupi, near; pakati, 
in the midst, In the Sofala, padoko padoko, Gradually: pambe- 
dshe, before. In the Inhambane, papandshe, اا‎ वात, 
slowly: pashani, above. In the Quilimane and Mosambique, 
46 into another letter of the same organ, v; thus, vazuru 
and vazulu, above; vati=panst in the Zulu, beneath; Mosam- 
bique, va, here, on this side; vakuviri, near; vamoza, once. In 
Cape Delgado, wakati = pakati of the Isizulu, in the midst; 
pap piri, sometimes. The Mpongwe has va = in, in the space of, 
oth se ashe 6 and in pe area with other words, especially 
those which denote time; thus, va, among, at; vale, soon; rate 
vena, now; and the Benga has picle, near, 
_ Not only as a prefix, and in general signification, but virtually 
in form also, this particle pa is found in the Envlis fh prefix | or 
be, German bei, Gothic bi, ete. And this prefix is perhaps allied 
to the Danish paa, and the Russian po; “the Latin has it in per. 
sideo and a few other words ;" Lis its prevailipe ए 8९ d ch 
element are found again in the Shemitic prefix (=, Jeth)—a relic, 
perhaps, of an original language in common use before the dis 
persion on the plain of Shinar, and a still living ligament between 
the three divisions of the tripartite tongue since known as the 
Shemitic, ह aphetic, and Hamitic.* 
_ The substance of this particle pa is seen also in the Zulu 
interrogative adverb pi, which is sometimes joined with the 
eid ०0 thus, nyapi na? where? whither? whence? close 
upon what? about how many ?—and sometimes with the personal 
तम्‌ the a ae of inquiry; thus, wyina? where is he? 
Supt na? zipina? whereabout are they Ga respect to situation 
number, or quantity)? Nor is this use of the particle confinec 
to the Isizuln. The Inhambane has tngapi? how much? Tete, 
bangapi? how many? Mosambique, gavi? and Cape Del gado, 
tingapi? how y? Inhambane, पृण र where? whither? So- 














र * We most be permitted 35 ohserve Decca cs while the وول صف‎ yf) braced 
by our correspondent among the languages of Africa appear to كنا‎ high! biog esting 
and important, we cannot च (न لا‎ resent state of [1116५ | ac 
ence, to भ any inference frum oceasional and isolated resemblances ما‎ Indo-Eu- 
| Who it shall be proved by enutions re 


ropean or Semitic forms, , | ant] cormprebensi 
investigation, that a real connection exists between the deco: Barepetn anand Semitic 
0 لقم ما ودر سد بأسيت‎ 2, it Will مط‎ time to ronke ه‎ similar اترمصساغه‎ other fimilics 
more wilely and ebviouly diverse from each other—Coum. or Port. 
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+ Nie is a preposition, ion, signifying by, through, b yt means of, 
on account oe. t to, at, with, toward, near, about. The 
Setshuuna has ga=at, with, concerning, of, from, respecting; 
and the Mpongwe, go = ध upon, to; gwi=at, in, from; and 
gore = for, to,at. Some of the uses of ga in the Setshuana would 
seem to indicate its correspondence to the Zulu ka; and some of 
the uses of go and 51८11 the Mpongwe are closely related to the 
use of fein the Isizulu, 

8. Ku, the preposition = to, from, in, with, is not only used as 
8 separate word, but enters asa prefix into the composition of 
several adverbs, especially those which are formed from adj €. 
tives. With the initial u, it forms the sign of the infinitive; thus, 
wku tanda, to love. Au is also found in many of the cognates 
of the Isizulu, both as a mark of the infinitive, and as an ele- 
ment in the formation of adverbs. Thus, in the Suaheli, ku 
mena, 19 speak: ku fania, to make; Maravi, ku lira, to weep; 
Cape Delgado, T 









مخمار] and Sena, Aw rira ; 0 hue‏ ماك 
४ reep; kh Meet ongwe, 54 kamba, to speak; Setshuana, go bofa, to‏ 
bin द Soin adverbs, Tete and Sena have Funsha, Cape ४५.‏ 
do and Sofala, Aundsha, while the Inhambane has 2" pandshe, all‏ 
in the sense of the Zulu panhle, without, outside. 0 again, Tete‏ 
and Sena and Quilimane have kuzogoro and padzugoro = before ;‏ 
Tete and Sena, tumberi and pamlari= by the side; kucuru,‏ 
above; kumbwio, after: kuno, on this side.‏ 
Ka. The particle ka, as seen in many adverbs is originally‏ .4 | 
preposition—the genitive a hardened by £, thus, १4‏ 9 
size), greatly; Lalolu (of this), now; kanye (of one), once. |‏ 
same 15 found in < the Setshuana as a preposition separable = for,‏ 
ae and sometimes inseparable, and in the softer sig‏ )22 
ga; this, gangue, once; gabheri, twice: ganin, frequently; an‏ 
in ‘some words, as Aagulu, the sound of 4 oa reduced to a mere‏ 
aspirate. The Setshuana has the propos sition Aa as separable,‏ 
in Some cases where the Isizulu has the inseparable pa; thus,‏ 
Setshuana ka pele = Isizulu pamiili, before; ka tnile = panhle,‏ 
without; 4a gare = pakati, within, We find ka used int ६०१ Tete‏ 
and Sena as inthe Tsizulu; thus, kabori, kapost, once; Kavire-konze‏ 
or kabirt-konei, twice; kaviri-kavivi, always. So in the Inham‏ 
bane, kerint? how? karora, thus. |‏ 
Awa is evidently composed of == 10, from, + the इ‏ .6 
a, the sign of source, possession, and designation: hence the gen-‏ 
im-‏ ا eral signification, a from, of, at, with, in—its more इ‏ 
port being determined by its connection ; thus, agi va wa Buln‏ 
Zulu, I come from the‏ معدا vela‏ نود the Zulu country:‏ ما 5 £ 
Musi's people, or the people‏ مالل" ممطا Zulncountry; abantt ba‏ 
are with Musi, are at his place, or they belong to hin» , according‏ 
to the connection in which the phrase is used. So in ¢] Suaheli,‏ 
ईय्‌ Walk, I went to the (sovernor ॥ Mpongwe,‏ معدا 71171 
agendaga gui ‘longa, he went to (the) country. i‏ 
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1. Na is both a conjunction and a preposition, signifying and, च~ 
even, also, with; it 15 also used as an interrogative. partic! 4 
The same word na = and, with, ete., prevaila among all the Ay 
coomatesa of the Isizgulu, along the eastern coast of न ॥ 
Delagoa Bay, Inhambane, 30918, Tete and Sena, limane, “a 
ध ue, Ca ote 0; also 10 the’ Snaheli, the Nika 2 

Pokomo, and Hiau dislects. It is also comindn in some . 17 
of the interior and western dialects; sometimes, however, with . # 


some modification of form and import; thus, in the Mpongwe, 
na, m,n’ = with, for; Benga, na= with; Setshuana, na= with, 
0 ايد‎ , With them; nalu, with متتو‎ ` 
orresponding to the use of na as an interrogative particle, 
which always follows the ا‎ hrase or sentence, and : 
an accent with the falling of the voice, the د‎ 9 
has di in many cases; and the Bornu language has he, original 113 
va; and this re is the same word which is used in nage । 
عد‎ a conjunction = छ, مم‎ the asking of a question implies أ‎ 
return of an anawer—an additional remark—the phased i 
nestion 5 the use of a conjunction is not unphilosophical; nor | 






does it differ in principle from the English, which makes most 
questions to end in an elevated or rene tone, thus indicating a ~ 





at the same time, the number truly belonging to pearl is 65.3.2, and not 
65.4. This transposition, though not the wrong number for pearl, 
occurs also in Gladwin's translation ; and in correspondence with it, in 
both the French and the English presentation of ‘Abu-r-Raihin’s results, 
the water-equivalents of pearl and lapis Iszuli are transposed, that of 
pearl being 37.1 for 38.3, and that of lapis lazuli 38.3 for 37.1. If, how- 
ever, the specific gravity of pearl was su by the Arubs to be leas 
than that of lapis lazuli, agreeably to our table, its water-equivalent 
must have been rated the highest. Tt is scarcely to be believed that 
any accidental difference of quality in the pearls of ‘Abu-r-Raihan from 
those experimented upon by ‘al-Khigini, could have led the former to a 
water-equivalent for pearl procisely the same as that which the latter 


found for lapis lazuli 


Again, M. Cloment-Mallet’s list of specific gravities deviates in several 


instances from the results which should have been brought out by the 





water-equivalents given, a5: silver 10.35 for 10.30, copper 8.70 for 8.60 
ظ‎ ding ‘al-Rhazini, 8.66), etc. The specific gravity obtained 
for amber, 2.53, while agreeing with the water-equivalent assigned to it, 
0.9, so far exceeds the modern valuation as to occasion a remark by 
the French savant: but our author gives it a much higher water-equiva 





Tent, namely 118, and consequently a mueh lower specific gravity, 


namely 85. It would seem, then, altogether likely that not amber, but 
some other substance, was here referred to by ‘Abu-r-Raihin perhaps 
coral, which is given by ‘al-Khiézini in the same connection, 

These remarks cover all the substances mentioned by ‘Abu-r-RaihAn, 
excepting gold, lead, iron, celestial hyacinth, and crystal—in regard to 
all of which there is no disagreement between him and ‘al-Khizin|—so 
that, besides their purpose in the way of criticism, they serve to show 
an almost entire identity between ‘Abu-r-Raihin’s tables, sp far as the 


rs and these of our author. The Course pursued by the latter, in his 
tabular statements, would seem to have been to वत with some cor- 


rection, the results obtained by the earlier philesopher—to whom, it 


will be remembered, he frequently refers as an authority—and to add to 


them by experiments of his own 
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oor knowledge of the sciences of the East. It may not be amiss, then, : 
touindicate here some errors in the tabular statements of the paper 5 
referred to, ظ‎ i 
Since the sum of the water-cquivalent and the corresponding water- 
weight must in every instance be 100 mithkAls, the water-equivalents | 
given for mercury, silrer, and emerald require the water-weights of these 1 
substances, respectively, to be 92.3.3, 90.1.3, and 63.4, instead of 92.0.3, ^ 
90.1, and 68.4, as stated. | > + छि 
The water-equivalent of copper is stated to be 11.3, whereas our । 


author gives us 11.3.1: but the weight assigned to the equal volume of 
eopper also differs from our author's statement, being 45.4 instead of 
45.3. This brings us to a point of greater apparent disagreement be- 
tween ‘Abu-r-Raihin and ‘al-Khazini, the columns of weights of equal 
volumes, Now, as these weights must in every 0856 be derived from the 
غدل‎ furnished by the preceding columns, by a rule which our author 
gives, although it is nowhere presented in the quotation from the Ayin- 
‘Akbari, we must be allowed to mention the following as errors under 1 
this head, viz: mercury 71.1.3 for 71.1.1, silver 53.5.1 for 54.0.2, bronze 3 
46.1.2 for 46.2, copper 45.4 for 45.9, brass 44.5.1 for 45, tin 38.0.3 for 


+ 0 


36.2.2; ruby (or red hyacinth) 07.1.1 for 97.0.3, ruby bala (if the same ب‎ 
as ruby of Badskhshin) 90.2.2 for 90.2.5, emerald 69.2.3 for 69.3, cor- 4 
nelian 64.3.3 for 64.4.2, j 
But, if we examine the statement of the weights of equal volumes in ४ 
Gladwin’s translation of the Ayin~Akbari, we shall find that this may be : 


so interpreted as to come into exact coincidence with our author's state- 
ment, in all but one of the cases here in question. For, supposing that 
Gladwin’s figure 8, wherever it occurs in the fractional columns, comes 
from a wrong reading of ह for €—0, ngreeably to a suggestion of M. 
Climent-Mullet, or isa mistake for 3 بجع‎ and farther, that Gladwin’s 
figure 5, given for tassijs in the weight of the equal volume of brass, is 
a mis-reading of > for +; and lastly, supposing Gladwin's mithkAl-figure 
4 in 94.0.3 for amethyst (or red hyacinth) to be a mis-reading of > 
for ;—suppositions which derive support from an extended comparison 
of the tables given by Gladwin with the corresponding tables of the 
foregoing article—we obtain the following weights of equal volumes 
from the English translation of the Ayin/Akbari, viz: mercury 71.1.1, 
silver 54.0.3 (instead of the true number 54.0.2), bronze 46.2, copper 
45.3, brass 45; amethyst (or red hyacinth) 97.0.3, ruby (probably ruby 
of Badakhshin) 90.2.3, emerald 69.3, cornélian 64.4.2. 

"We have thus far passed over pearl and lapis lazuli, because the weights 
which the French savant gives to equal volumes of these substances 
show a double error—their respective numbers being transposed, while, 





9 
4 |, 


planation which is finished under the beam on the left. We therefore 
regard this term as appropriated to the frame of the tongne. The 
etymology and form of the word itself give it the meaning of “that 
which fronts;" but, unfortunately, neither the Sihih, nor the KAmts, 
nor any European dictionary of the Arabic which we have been able to 
consult, defines it in its application to the balance 

Tn making these suggestions we have been aided by a scientific 






$4, p. 97. So called, we may suppose, from their being obtained by 


25, p. 98. To explain this formula, 
Let W be the weight in mithkAls of a compound body (gold and silver) 
the weight in mithkils of the silver contained in it; 
४ ~ 3 the gold 5 
१5 (the spec. gray. of the compound) =" (its weight in air) 
the weight of water which it displaces. But if d’ and च" 
are the specific gravities of gold and silver, the water displaced by 
(W—x) mithkAls of gold will weigh (W-—z)—d'; that displaced by z 
mithkAls of silver, ed". पला 








W W-z द 
Waza =“ ५ दर tr. +) > - 1 
+ क 
1 
in r फ़ क 
By transposition, ~ sy १५.५६ == ५ oe 
a’ चः 





We have just received, in the Journal Asistique, v* Série, xi, 1858, 
a paper by M. Clément-Mullet, which exhibits tables of water-cquiva- 
lents, water-weighta, weights of equal volumes of substances, and spe- 
cific gravities, derived ण ` ‘Abu-r-Raihin, through the medium of the 
Ayin-Akbari, The foregoing article will be found to correct and مم ناك‎ 
plement the statements of M. Clément-Mullet's paper, in many particu- 
lara, a5, indeed, it rests upon a much wider basis: and we feel sure of 

अभू with 3. cordial welcome from the French savant, whose 
en in the subject has been manifested by valuable contributions to 











= sa 


एका بن‎ । 
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Notes on the Book of the Balance of Wisdom. 125 
some of the leading parts of the construction, Those sloping pieces 1 
are called by the name of ,القياران‎ substituted for the ms. rending, . 
القنارين‎ , which makes no sense. Of this term the Sibib says: 5 : 
धि | والفياران اللذان يكشفان لسار‎ 5 *the فياران‎ = इ - two : 
pieces which show the tongue of the balance.” But the Kans is more ٠ 
تلقهور كعيوق‎ ail, लर = ॐ وتنم عيلت‎ Hof 3 with kusr signifies wr 
two pieces of iron which enclose the tongue of the balance, and a4 5 I 


sinifies that I have made for‘the tongue such two pieces, and that it is 
قبور‎ , which is equivalent to saying that it has stops put to it.” Plainly, : 
then, the tongue of the balance moved from one to the other of the 3 
two pieces of iron thus described, and must have been in the same plane “a 
with them ; and, since the middlo vertical line of the tongue would of 5 + 
course range with that of its frame, the axis must have been bisected, ‘ 
longitudinally, by the same line. Thus, then, we are able to conjecture । 
what the two parallel pieces in our larger drawing are intended to rep- 
resent. They may be the supports of the two ends of the axis; and 
the inconsistency between this drawing and the one on p. 85, which we 
have alluded to, may be only apparent. For above the supports of the 
aris, and between the lower ends of the _,!,43, there must have been | 
an opening to allow the tongue to play within its prescribed field of 
motion—whether the frame of the tongue rested upon one of the sup- 
porte of the axis, as our large drawing seems to show, or stood between 
the two. In. accordance with this view, we regard the figure on p. 8 
كد‎ representing only the tongue and its frame, and the bends at the 
bottom of it as bends of the قباران‎ 
Both of the parallel pieces are represented as if indefinitely prolonged 
towards the right, and, though this may be a mere inaccuracy of draw- 
ing, it is not unlikely that they were attached, in some way, to a fixed 
upright support, on that side, for the sake of giving a more stable posi- 
It remains for us to state the grounds on which we have nasigned to 
the word العريصة‎ the signification of “front-piece.” This term كذ‎ in- 
scribed, in both of our drawings, on the top-piece of the frame of the 
tongue, and also, in the Janger one, along the nearer of the two parallel 
pieces, at ¢: so that one might think that two different parts of the struc- 
ture were called by the same nama, on abéonnt of something in common 
between them; or else that it was applied to the whole structure consiat- 
ing of the frame of the tongue and the two parallels, But wo believe 
misplacement, العريصة‎ being’ there the first word of a paver " 
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On the supposition that the centre spoken of is the centre of gravity of 
the beam, many more alterations would have been necessary 


29, 7. 95. Our correspondent did not translate this passage, so that 
we alone are responsible for the description of the winged bowl. प्र 
were about to offer some conjectures which seem naturally to suggest 

emselyes in explanation of the peculinritics of this bowl: but, since 







we have 40 little ground for certainty in regard to it, we prefer to waive 


Tt will be noticed that our two drawings of the bowl are 
cone and that the one which is given in the figure of the whole 
balance is the least conformed to the description of our anthor, 


8 


ॐ p. 06. The figure of the Balance of Wisdom given here is mm 
exact ह copy a= possible of the figure in M. Khanikoff’s manuscript, 
seepting that it is reduced indimensions one-third, Where the beam 
cer वु by the two slanting pieces, the shading of the one and the 








[मा coutinued without: broke a0). that 


it i imposible to decide by the figure which is regarded ns lying 
tpon the other. This ambiguity the engraver has reproduced as 
well as he could. It is impcesible, with no more light than we have 
on the subject at present, to determine the use and connection of all 
the parts of the balance here represented, There is even an appar- 
ent inconsistency between the figure on p. 88 and the dmwing of 
the sume part. bere given. The two drawings are, indeed, quite in- 
gaffeient of themselves to explain the constroction of the instrument, 
But what ie especially. to be regretted is that M. Khonikoff has 
omitted to cite our, acthor'sydescription of the axis and its pivots, or 
to give uso toch هم‎ a hint of the mode in which the beam waa 
held .وص‎ Yot, as the case now stands, a definition in the Kamis of 
the use of the two sloping pieces represented in our drawings on 





opposite sides of the longue of the balance, enables us to make out. 
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cubit than that which’ is actually obtained by bis-process.» Tho value 
can 600 ببسم‎ namely, supposes € == 1250; the actual value of the 
latter quotient, after modification of m®, is 1291; before modification, 


1287. We have not, therefore, in this instance, been at the pains of 
verifying either the formulas or the calculations of our correspondent, 


25, p. 86. In reproducing the figure here given by our correspond- 
ent, we have reduced ita dimensions one-third, without other alteration. 


26, .م‎ 60. This figure also is reduced one-third from that given in 
M. Khanikoff's manuscript. 


27, .م‎ 87. We have here followed our correspondent in giving only 
the original term, not being sure enough of its precise signification to 
venture to translate it, though we think it might be rendered “table of 
plane projections,” or “planisphere.” The connection shows that it 
denotes some astronomical instrument; and as well for this reason as 
because ,عاض‎ and not >, means “Iatitade,” besides that =, 7 
not a plural, Casiri is wrong in. translating كناب ويم الصفايي‎ in 
passage quoted from him on p. 115, as he doves, by “Liber Tabularum 
Latitudinum. 


28, .م‎ 88, This figure is an exact copy of that given by M. Khani- 
koff, except that it is reduced to one-third its original size, Its insuffi 
ciency to explain the construction and adjustment of the parts which it 
represents is palpable, For farther explanation see note 32. 


29, }. 90. عون‎ two dingrams on pp. 89, 01, though faithfully repre- 
senting their originals, are, for convenience, made to differ from them 


in dimensions 


20, .م‎ 90. Literally “the point going downward,” implying the 
conception of 8 concentration of the weight of a body in its centre of 
gravity 


$1, p. 94. We suppose the centre of gravity spoken of under the head 
of “Determination relative to the Beam connected with the Tongue, 
in this table, to be the common centre of gravity of the tongue and 
beam united. This seems to ua to be indicated both by the reading of 
the Arabic text of the table, as it came to us, and by the suppositions, 
respecting the connection of the tongue and beam, considered in the 
extract which precedes it. But some changes of reading were 


required 
to make the table correct. The following fragment shows what are the 
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° measurements otherwise required, and exposing the process to the .ور‎ 
| chances of error to which they would give rise. Wo may also, per- 
1 _ haps, sappose that the original experimenter was actuated by م‎ desire 
1 to furnish to any who might repeat the experiment after him the means 
1 of comparing their results with his, and that, inthe want of any exact 


standard of measurement (since the measures may have varied in differ- 
ent localities not less than the weights are shown to have done by the 
upon ,م‎ 81), he devised this method’ of the fine silver thread with 
i the view of providing, in this case, such ४ standard. 


9% p.78. We have introduced into this table a number of emenda- 
tions, which were imperatively called for. All the data for constructing 
it 9 ii been given before, in the table of water-cquivalents upon p, 56 
und the determination of the weight of the cubit enbe of water just made, 
P- 9: ‘and we bad only to work out, in the ease of cach metal, the propor- 
a. tion: the water equivalent of the metal, in tassijs: 2400: : 686,535.53 

. the weight of a cubic cubit of the metal, For mercury, the manuscript 
بهو‎ 0 gives erroneously 387,073 m.; for silver, 4 607 m.: this would be 
: the correct result if the calculator, by رتاف ه‎ of the pencil, hod taken 
. a 696,455.53 as the third term of lis proportion. For tin, the Arabic 
209,300; but, as the translation presents the correct number, the 
former must be an error of M. Khanikoff’s copyist. The colamn of 
Ssthrs is left unfilled in the Arabic manuscript; our correspondent had 
< supplied the deficiency, hut incorrectly in the majority of cases (all ex 
ting mercury, silver, and iron). It admitted, indeed, of some ques 

‘tion how many ‘istirs our author reckoned to the mann: we adopted 
40, both because that seems to be the more nsual valuation, and beeanse, 
by assuming it, the column of fractions of ‘isthrs comes out in most in- 
stances quite correct : only in the case of lead, the manuscript gives 5 
remainder of $+}; in that of iron, :ل‎ of tin, $+ + The same valu- 
: ation of the “istdr wns assumed in correcting the reading at the bottom 
برعم‎ 77, where the great corruption of the whole passage, and the 

absardity of its unamended readings, Was very evident. 












@4, p92. Considering the uncertain character of even the main 
elements-entering into this calenlation, and that its result cannot accord- 
ingly be otherwise than approximate only, it seems to us that our cor- 
| might have spared himself the Inbor of calculating the | 
م‎ effects.of an assumed difference of temperature, pressure, and gravity : 
Zi the modifications which are thus introduced lie far within the limits of 
| probable error from. other sources; and, in fact, hail these modifying 
circumstances been left out of the account, a result would have been 
arrived at nearer to the value which M. Khanikoff finally adopts for the 
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20, يم‎ 13. These terms are cxplained by 6 passage appended to this 
section in the translation of our correspondent, for which he has omitted 
to give the Arabic text. We quote the translation here 

“All the substances mentioned in this section sink in water if the 
weight of their equivalent volume of water is less than 2400 tasstj, 
and float if that weight equals or exceeds the same number. 

End of the first section.” 


21, pe74. It might be suspected that the word ool “ivory,” 
should rather be eel, “resin,” this. being one of the substances of 
which, in the opening of the chapter, our author proposed to give the 
water-equiralent,. As, however, the specific gravity derived from the 
equivalent given is 1.04, and that of the common, resins is only about 
1. to 1.1, it is perhaps easier to assume that resin has been secidentally 
omitted from the table, 


22, p. 76. This process can be made clearer by.an algebraic method 
of statement. Let C= a. cubit, c— the length of a side of the cube 
measured, and f== the diameter of the silver thread: then C—4¢+- 
He-ge): but دمع‎ 259 1; therefore, C—1082,4. For the fraction عق‎ 
our author now substitutes ريثم‎ because, as appears from their use in the 
table on .م‎ 46, sixtieths are to him what decimals are to us, aud راج‎ are 


04,023 | Substituting; in the 


proportion ب قب‎ 03 : ; 9415 tassijs: the weight in tassijs of a cubic 

च हा of water, the numerical value of the first two terms, we have 
17,278,970 eee 0416 : 686,595.59. If the original 
fraction had been retained, the result would have been 656,525 
pass )s. 

The question naturally arises, why ‘Abu-r-RaibAn had recourse to the 
use of the silver thread in- making this experiment. Itis evident that, 
when. once we have the value of C expressed in. terms of بت‎ we may 
rejec ١ altogether, and obtain the same result as befpre by the much less 


2 
laborious reduction of the proportion 1 ee: ( 1> : (६) ) 


9415 :686,525.. Thiw fact, however, our author does not seem to 
have noticed, Was the silver thread, then, employed merely as a me- 
chanical device for facilitating an exact comparison of C and टत This 
seems by no means impossible, since, aiter finding the first remainder, 
and perceiving it to be equal to 40 diameters of the thread, the relation 
of that remainder to the side of the cube would be at once determined, 
withont going through with the twe additional, and more delicate, 


# 01 TI, 





tiearly equivalent to ,عت‎ © then, equals 





pps, “The सः is ariver-animal of great use... on the other hand, 
the sea-crab is a petrified animal.” One might ok the question, whether 
the latter was so called becanse found in the sea, or whether that name 
impiies م‎ belief that the sea once extended where afterwards was dry 
land, in sctordance with modern geological discovery 


18, p. 66. In explanation of this term, our correspondent cites, from 

a Jaghatai Turkish translation of ‘al-Kazwini’s "Aji/ib ‘al-Makhltkht, a 
which ‘states that “the finest quality of glass was Pharaoh’ 
found in Egypt.” The original Arabic gives no such statement 





pada the head of ginss. For an account of the translation referred to, 


ste M, Khanikoff in the Bulletin Hist.-Phil. of the Imperial Academy of 
St. Petersburg, for Nov. 8, 1854 (Mélanges Asiatiques tiréa du Bulletin 


“ete, ii, 440-448). 


19, p. 72. We have substituted this citation from the original Arabic 
of ‘al-Kazwini for a passage which our correspondent here quotes from 
the Jaghatai Turkish translation referred to above. The citation of M. 

saniked, of which only the first sentence is recognizable in the Arabic, 
is as follows: = Khuwhrazm is a vast, extensive, and populous province, 
There is in it a city named Jurnjiniyah.... The cold there Stee intense 
that 8 man’s face freezes upon his pillow; the trees split of 
the cold; the ground cracks; and no one is able to go on horseback, 
One of its*frontiers is Khorisin, the other Miwarilnahr. The river 
تسق‎ [the JaihGn}, freezes there, and the ice extends from there to the 
little sea. In the spring, the waters of the littl sea mingle with the 
water of the Amd, and come to Khuwirazm ;" on which our correspond- 
ent observes: “If 1 am not mistaken, this passage, which establishes 
with certainty that the waters of the Amd reached the Sea of Aral only 
during the spring freshets, is unique : and it points out to us, perhaps, 
the way in which the change of its mouth originally took place.” 

By way of illustration of ‘al-Kazwinl's description of the lower course 
of the Oxns, it may not be amiss to cite what Burnes says of it in his 
Travels into Bokhara, iii. 162, Having spoken of its winding among 
mountains ir त reaches thegricinity of Balkh, Burnes says: “It here 
enters upon the desert by a course nearly N.W., fertilizes a limited 
tract of about a mile on either side, till it reaches the territories of 

je or Khiva, the ancient Kharasm, where it is more widely spread 
by art, and is then lost in the sea of Aral, In the latter part of its course, 
so great is the body of water drawn for the purposes of irrigation, and 
so numerous are the divisions of its branches, that it forms م‎ swampy 
delta, overgrown with reeds and aquatic plants, impervions to the hnus- 
bandman, and incapable of being rendered useful to man, from ite an- 
varying humidity 
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` 4G, ए: 64. In thus rendering the word ( 3) البق‎ , we conjecture it to 

be derived from sll with the signification “circulus ungule bubulw 

magnitudine,” as given by Freytag. Raineri gives us another reading 

for this word, namely م البقراوى‎ and explains it as possibly signifying 

of Bukhdrd—see text of ‘at-Taifishi, .م‎ 35, and annott. p. 100— 

which, however, seema to be quite impossible, 'TheArab mincralogist’s 

description of the species of onyx bearing this name is هم‎ follows : 

is # ctone composed of three layers: a red layer, not trans-‏ البقرارى ه 

parent, followed by a white layer, also not transparent, next to which is 

a transparent, crystal-like layer. The best specimens are those of which 

the layers are even, whether thick or thin, which are free from rough- 
ness, and in which the contrast [of color] and its markings are plainly 

seen;" which corresponds to what Caesins, in his Mineralogia, Lugd. 

1636, بم‎ 569, says of the most precious sardonys, thus; “Quwres tertio 

quenam sit sardonyx omnium perfoctissima. Respondeo esse illam que 

ita referat unguem humanum carni impositum ut simul habest tres col- 

ores, inferiorem nigrum, medium candidum, supremum rubentem. + = . 

Nota autem, cum ‘sardonys est perfecta, hos tres colores esse debere 

impermixtos, id est, ut xona alba nihil habeat mixtum alien coloris, et sic 

de त purpurea.” But, if our readmg البقرانى‎ is correct, and the 

derivation which we have suggested for the word is adopted, this species 

of onyx must have been so named from specimens with their layers of 
differont colors intermingled, which the modern mineralogist would call 

by the name of agate ruther than that of onyx. Perhaps, however, 

the reading should be , <i} Pet), from البيقران‎ , the name of a certain 

plant, which we have not identified, In this case, the name would be 
similar in ite origin to “ basil-like” and “ beet-like,” applied to varieties 
of the emerald, and appropriate for specimens of onyx with either dis- 

tinct or intermingled layers, the veining of the mineral Winving nothing 

to do with its name, 


16, .م‎ 65. Caesins, 1. p, 520, says: “ Dioscorides, Judaicus, inquit, 
lapis in JudwAé nascitur, figuri glandis, 2 anter et "५ cinne confectus, 
lineis inter se sequalibus veluti torno "بلاق‎ etc. PrafJ. D. Dana of 
Yale College, to whom we are indebted for the foregoing quotation, 
infers from this description that the Jews’ stone was the olive-shaped’ 
head of the fossil encrinite, Ancient physicians dissolved it for a 
draught to cure gravele Tbu-Baitir, in his Mafridt, ed. Sontheimer, 
i, 285, speaks of it in the same terms as Cacsiua does. 


17, p.85. Probably a fossil. M. Khanikoif quotes the following from 
the Kiimis: فحيوان‎ ade البخرى‎ Lely... نهرية كثيرة النفع‎ Hho السرطان‎ 
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9, .م‎ 50, We alone are responsible for the translation of this section, 
our correspondent having left it. untranslated. In the lettermg of the 
first figure here introdnced, we have so far devinted from our Arabic 
original a& to substitute ~ and for > and رش‎ respectively, in order 
to simplify the transcription, 





“10, بم‎ 53. The Li tig this somewhat obscure statement is prob- 
obly as follows. Two heavy bodies at opposite extremities of a lever. 
act upon each other by their gravity to produce motion, and remain at 
rest only when their common centre of gravity is supported. The same 
is true of balls thrown into a spherical vase: they act upon each other 
by their gravity to produce motion, and they remain at rest only when 
their common centre of gravity is supported, that is, when it stands 
over the lowest point of the spherical surface. 


13 p. 54. 19 our reproduction of this figure, we have reduced its 
size one half, improved the form of the “bowl,” جر‎ and given in the 
margin. the explanations which in-the omginal manuscript are written 
upon.the figure itself, at the points where the letters of reference are 


12, p.56. We have taken the liberty of slightly altering our cor-. 


respondent's manuscript inorder to insert the table here given, because 
the Jatter seemed to. be so distinctly referred to upon page 78 that it 
wns necessary to assume that the Arabic work originally contained it. 
अ. Khanikoff gives the mean weight for bronze as 11 ربل 24 بس‎ but, 
considering the acknowledged corrupt state of the manuscript in this 
part, we have thought ourselves justified in amending the reading to 
11m, 2 بل‎ since this value is required by that of the “result” derived 
from it for the succeeding table. In the table on p, 78, it will be no- 
tieed, bronze is omitted. 


1%, .م‎ 03. ‘Abmad ‘at-Taifishi, in his book on precious stones, ed. 
Raineri, page 10 of text, describes the yhkdt ‘asmAnjiini as including 
“the cerulean, that which resembles lapis lazuli, the indigo-like, the 


eollyrimm-like, and the dosky"—by which may be intended, as the 


editor says (annott., p. 80), all sorts of sapphire and aqua marina, 


24, 7. 63. According to ‘at-Taifishl, page 13 of text, the raihini, or 
basil-ike, is a variety of the emerald, “of pale color, like the leaves of 
the basil;" the same authority defines the silki, or beet-like, as another 
variety of this mineral, “in color like the beet,” that is, probably, like 
bect-leaves. 
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been compelled to amend the text slightly as regards the lettered points 
referred to, as well as the lettering of the figure itself, inasmuch asthe 
latter in the manuscript was 
so imperfect and inaccurate 
"es to be unintelligible. एण 
Whe purpose of showing the 
| alteration we have made, we 
| present herewith an exact 
copy of the portion of the 
manuscript figure about the 
equator of equilibrium, It 
will iustrate also the manner 
im iin which the numbering of the 
instrument is indicated (very inaccurately upon the left ecale) in the figure. 


7, p. 42. See the statement, on page 98 that the Arab physicists 
were accustomed to enchase silyer points upon the right arm of the 
bean of the balance, for specific gravities; and the description of the 
balance on page 97, “To graduate by round points seems to have been 
the mode among the Arnbs. 


8, p. 47. We have constructed this table anew, and have corrected 







= 


[णा 





at many points the sixtieths of our original: in some cases, the readings 


of the latter may have become corrupt; in most, there was probably ه‎ 
want of accuracy in the original constructor 

The readings of the manuscript which we have altered are as follows: 
Line of Numbers, Parts, Siztwike. |Line of Numbers. Parts. Sirtvths, 


105 05 aT 114 58 
104 06 88 116 12 
103 97 a3 120 30 
102 08 76 191 31 
101 09 69 144 54 
oo 101 64 156 16. 
8 102 62 161 ९0 
0 103 61 163 58 
Citi 104 55 181 60 . 
114 108 52 192,,, . 0 





58 113 a7 । 
There are also several eases in which we have retained the figures 
given by the manuscript, althongh not quite correct, when they differed 
by less than 1 from the true value. Thus, opposite the number.106, we 
find set down a remainder ‘of 21 sixtieths, while, the. true remainder is 
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of ‘AbdJafar "न RhAzin, as indiented in an extract from one of the maa. 
of the Bodleian Library, given in Catal. Bibl, Bodl., n. 261, as follows + 
ع‎ 9 , “he aimed كم‎ brevity in, the work, abridging the phraseology 
and diminishing the number of the figures, without removing doubt or 
doing away with obscurity,” which refers to > commentary on Euclid, 
seems to us very like that of our author. 

Upon the whole, we incline to believe that our author and 'Abd-Jnfar 
igl-Khaszin and the optician Alhazen, perhaps also "لآ‎ Herbelot's Khazeni, 
are one and the same person. We venture, ut least, to suggest this, for 
confirmation or refutation by farther research. Wemay here say that 
we have been in some, doubt whether to read the name of our author 
"आम or ‘al-Khizinl, the Arabic ms, sent to us by M. Khanikoff, 
“which gives the Intter reading, not being decisive authority on this 


१ point. We beg our correspondent to settle the question by reference to 
the original ms.» For the proposed identification, however, it is equally 


well to assume ‘Whe name to be ‘al-KhaAginl, inasmuch ss, according to 
Risner, the author of the book on optics was called “ Alhazen fil. 
Albayzen,” that i, tal-Khisin Bin ‘al-Khazin, to which ‘al-Khazini, m 
the sense of “related to ‘al-KhAzin,” is equivalent. 

“ap. 87. In reproducing this figure, we have struck out a point 
gssomed-in the original between A and {, and made use of in the fifth 
4 theorem, because it is of no service, and only makes the figure incon- 
sistent, and less applicable to the following theorems 


“5, p- 39. It seems to us that the remark of our anthor here referred 
to is misinterpreted by M. Khanikoff. The former means simply to say 


से‏ كي 
» 


that no interference with one another's motion is apparent in the case 
of the celestial spheres, while he neither affirms nor denies the principle 
of universal gravitation. 


a 


35 G, 7. 42. The figure here given of the areometer of Pappus is con- 
5 fiderably altered from that presented by M. Khanikoff. The latter 
| 5 2 3 : twite in the manuscript, तलत in the Arabic text, and once in the 
translation: the two forma sre of somewhat different dimensions, and 

are quite inconsistent with one another with repect to the details of the 

graduation, which are moreover, in both, altogether maccurate, Both,” 

however, agree in offering, instead of a double scale, two separate scales, 
statiding 10 a reversed position at a slight interval from one another. 
“= ‘As it was impossible to reconcile such a figure with the directions. given 
; 58 . ‰ the taxt, we have’ preferred to construct > new one, in accordance 
= with our best understanding of those directions, 10.59 doing, we have 
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Possibly our author is the individual of whom D'Herbelot: makes. this 
record : “ Khareni. The name of an author who invented and deseribed 
several mathematical instruments, of which he also indicated the nse” 
see Bibl. Or, p. 504. Or he may be the same as ‘Abd-—Jafar ‘al-Kbdsin, 
of whom an Arab author, quoted by Casiri, saya: “‘Ab6-Jafar ‘al-Kha- 
zin, a native of Persia, distinguished in arithmetic, geometry, and the 
theory of the motion of the stars, conversant with observations, and 
their use, famed in his day for this,sort of knowledge, He was the 
author of several works, among which is the Book of the Zij-‘ns-Safi‘ih 
~ => 23) كتاب‎ ), the most eminent and elegant work on the sub- 
ject, and the Book of Namerical Theorems ) المسايل: العتدية‎ oie 
see Dibl. Arabico-Hisp., 1.408. Won Hammer, apparently on the au- 
thority of Sédillot, fixes his death 10 ५.10. 1075—see Literaturgesch. ل‎ 
Araber, vi. 428. ١ Or our author may be identical with Alhazen, a person 
Jong known by nate as the autlior of a treatise on optics translated by 
Risner, and published at Basel 7 1572, It is also possible that one and 
the same individaal is referred to under these severak hames. Risner 
intimates to us the original title of that treatise on optics in these words: 
“et ut Inserptionem operis, gua authori est de aspectibus, grmco, concin- 
niore et breviore’*nomine opticam nominarem ;” and we hoped to be 
able to obtain from Haji Khalfsh’s lexicon some information respecting 
other works by the same suthor, which should throw light upon the 
/ authorship of the work before us. But this clue ६5 च reference proved 
insufficient, and after several frnitless searches we have not found any 
notice by प्रभौ Khaliah of the famons optician, As to the period when 
Alhazen lived, Risner declares himself ignorant, but supposes that it 
was abont A. 1). 1100 : it will be remembered that our author wrote in 
1181. That our ‘al-Khizini was a native of Persia, a5 is asserted of 
'Abi-Jafur ‘al-Khaizin, there is some reason to suppose, from his oeca- 
sional use of Persian words; and here it may be well to observe that it 
is only by an error that Alhazen the optician is made a native of Basrab 
the errer is to confound him with Hasan Bin ‘al-Hasan Bin ‘al-Haitham 
of Bagrah, which has been widely spread, though corrected by Monthcla 
and Priestley—see Gartz, De Interpp. et Explanatt. Enclidis Arab, p. 22. 
The subject of the work before us is one which the Arabs were accus- 
tomed to class, with optics and other sciences, under the general head 
got geometry —see preface to HAji Khalfah’s lexicon, ed. Flaegel, i: 95 ; 
and there is, indeed, a little sentence in our author's introduction, which, 
with reference to the time ‘when it was written, would seem even to 
betray a writer addicted to philosophizing on light: “For the essence 
of light is its being manifest of itself, and so seen,and that it makes 
other things manifest, and is thus secn by"-—see p. 7. Again, the style 

















he gives, and partly १० चर circumstance that a work destined for the 
royal treasury, like official reports of the present day, might remain a 
long time unknown to the public.” 

We have thonght it proper thus to give the substance ‘of our cor- 
respondent's conjecture. Bot there can be no doubt that, in the ex- 
tracte from ‘the Book of the Balance of Wisdom which M. Khanikoff 
has given us, the author names himself three times, though in so modest 
A manner as scarcely to attract attention, Instend of heralding himself 
at-once, in hits first words, after the usunl expressions of religious faith 
as Arab anthors are wont to do, ho begins his trestise by discoursing on 
the general idea of the balance, with some reference, as it would seem, 
to the Bitinian heresy, which gave so much trouble to the Saljake 
princes, and then aimply says: “Saye /al-Khaszinl, after speaking of the 
balance in general ..."—see p. 8, and proceeds to enumerate the advan- 
tages of the balance of wisdom, so called, which he is to describe and 
explain in the following work. Farther on, after a section devoted to ॐ 
specification of the different names of the water-balance, and to some 
notices of those who had treated of it before him, he begins. the next 
section thus: “Says ‘al-Kivizin!, coming after all the above named 

p- 14, and goes on to mention certain varieties in the mechaniem of 
the water-balance... The form of expression which he uses in the latter 
of these two passages implica that ‘al-Khizin! is no other than the 


‘author himself; for Arabic usage does not allow يقول‎ to be employed 


introduce what one writer quotes from another, though nothing ts 
mmore common than for an author to use the preterit قال‎ , with his name 
appended, to preface his own words, Besides, if ‘al-Kh&zini is not our 
author, but one of those from whom he quotes, who had previously 
treated of the water-balance, why did he not name him in the section 
appropriated to the enumeration of his predecessors in the same. field 
of research! In the title to » table which our correspondent cites in 
the latter part of his snulysis, we read again: “Tuble ete. added by 
—see p. mle د‎ intimates the authorship of the 
work before us, for the uces that table २७ supplementary to 
one which he cites from another author. Yet farther, if our वणं] 
amie be really ‘al-Khhzin\, his statement respecting the destination of 
his work for the royal treasury—see p..16—accords with his own nan 
for ‘al-Khiéizini signifies related to the treasurer, anal as M Khanikoif 
well observes, त त Orientals show as much jealousy in affairs of state 
‘gu in their domestic सत्ता, 
Who, then, is-our‘al-Khizini? Though unable to answer this ques- 
tion. decisively, we Will offer some considerations with reference to it, 
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To this supplementary note we will only add that we could not hesi- 
tate to translate the name of the person to whom Menelaus is said to 
have addressed one of his books, which our correspondent failed to 
identify, namely دوماطيانوس‎ , by Domitian. As the emperor Domi- 
tian reigned from A.D. 81 to 96, Menelans must have been living in 


Respecting the authorship of the Book of the Balance of Wisdom, 
after observing that, although the dedication proves it to have been 
composed at the court of the Saljike Sulthn Sanjar (who reigned over 
a large part of the ancient Khallfate of Baghdid from A.D. 1117 to 
1157), the recent developments of the history of the Saljikes by Defré- 
mery afford no clue to the identification of the author, our correspond- 
ent quotes ५ passage from Khondemir's Dustdr ‘al-Wuzard’ which he 
thinks may possibly allude to him, as follows: “ Nhsir ‘ad-Din Mahmid 
Bin Muzaffar of Khuwdrazm was deeply versed both in the sciences 
founded in reason and in those based upon tradition, and was especially 
able in jurisprodence after the system of ‘ash-Shafi'l: at the same time he 
was famed for his knowledge of finance and the usages and customs of 
the public treasury, He was the constant protector of scholars and 
distinguished men. The Kidhi'Umar Bin Sablin of Siwah dedicated 
to him his work entitled Masiir-i-Nasiri, on physical science and logic. 
In the Jawhmi' ‘st-Tawdrikh it is stated that Nasir ‘nd-Din commenced 
his carcer as secretary of the administration of the kitchens and stables 
of Sulthn Sanjar, and that, as he acquitted himself creditably in that 
office, the Sultin named him secretary of the treasury of the whole 
kingdom, and he reached at length the high dignity of Wazir,, but, on 
account of the modesty common to men of studious habits, and which 
was native to him, he could not properly perform the duties attached to 
i. ‘The Sultin accordingly discharged him from it, and again entrusted 
to him the administration of the finances, which he transmitted to his 
son Shams*/ad-Din ’Ali.” On this passage M. Khanikoff remarks : 
“Ido not pretend by the aid of this $ to establish irrevocably 
that Nasir ‘ad-Din is the author of हि treatise before us. But his 
being a Khowérazmian accords with what our author says of the place 
where he made his researches ; his participation in the administration 
treasury ; and lastly, the positive testimony of history as to his erudition 
+, , and the dedication to him of » work treating of physics give some 
probability to the supposition that he may have oécupied himself with 
the subject. Thg absence of any direct notice of this treatise on the 
balance in his biography may be ascribed in part to the predilection of 
Khondemir for politics rather than literary history, in consequence of 

VoL, ४१. 15 














With. lim originated. a well known astronomical table, 
Ww : त مامش‎ our sy Having been a Jew, he 
became a Muslim by the-favor of ‘al-Miman. Several well known works 
on the-state‘and on arithmetical calculation were written by him 
Respeoting Vihanni Biw Yasif, Casiri, بل‎ i: 426, quotes the following 
fom at Arab author: “Yohannd the Christian presbyter, Bin Yasif 
in ‘al-HArith Gin ‘al-Batrik was a savant distinguished in bis time for 
sturing on the Book of Euclid, and other books on geometry. He 
otra 53 ona from the Greek, and was the author of several 







aes fal-Haitham of Basrah, whose full name was /4100- تلخ‎ Maham 
mad Bin ‘al-Hasan ‘Ibn ‘al-Haitham of Basrah, as we are told by Wtis- 
tenfeld in bis-Geech, ل‎ Arab. Aerste u. Naturiorscher, pp. 76, 77, was a 
toathematician as well as skilled in medicine, He rose to emt- 
“pence in his paternal city of Hasrah, but, om the invitation of the Fitim 
+ Khoallf‘al-Hikim, A.D. 996-1020, went to Egypt to execute some 
॥ [1111 i, for irrigation of the country when the Nile should rise 
les high than tal. In this undertaking he failed. The latter part of 
aa fife was devoted to works of piety and to authorship. THe died at 
Cairo, AT. 430, 4.1). 1038. Our ms. gives him the title اليعرى‎ 
but, s he waa generally called from his native city, and the other title 
night so easily be an error of the ms, we have altered it to ى‎ pee 
From an Arab author, again, quoted by Casiri, Id, 1. 442, 443, we 
derive the following notice of ‘Abi-Sahl of Kihistin: ^ Wijan Bin 
Wastam Abi-Sabl of Kahistin was a perfect astronomer, accomplished 
in knowledge of geometry and in the science of the starry nore aut 
the highest eminence.in both. [le distinguished himeelf under كلما‎ 
Buwaithide dynasty, in the days of 'Adhad‘ad-Daulah [A. 70. $49-982— 
see Almuifedne Annales Musl. ed, Retske, ii. 454,550}. After Sharf ‘ad 
Daulah had come to Baghdad, on the expulsion of his brother Samsim 
لماصو ]دنه‎ from the government of "rik [ A.D. 986—see चपा, Ann., 
4 560], قط‎ ordered, in the year 378, that observations should be taken 
‘on the seven stars, fn respect to their course and their passage among 
Petr श signs, ns ‘al-MAmin had done in his day, and he com- 
mitted the accomplishment of this task to ‘“Abi-Sahl of Kahist&n, 
i nseq aqiently, the latter built ॥ house within the royal residence, at the 
ee of the garden, and there made instruments which he had contrived, 
an afterwards took observations which were written out in two declar- 
ations, bearing the signatures of those who had been present, in affirm 
ation of what they had witnessed and were agreed 
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ll.’ Nores ox Teaxstatiox axp Anaya. 
Referred to by Numerals. 


1, p. 20. The length of the cubit, ,الخراع‎ was somewhat variable. 
We read (1.) of البد‎ £>, the hand-dhiri’, of the Spanish Arabs, قمعم‎ 
uring five قبضات‎ , fists, each kabdhah of four el, fingers ; (2.) 
of the dhird’ called अ -- तपो a situlA cnjos magnitudinem 
sequat ita dictus, aa Casiri says—used in Spain, which measured six 
kabdhahs; (3.) of Sola) ذراع اليد‎ , the exact-hand dhirh’, used in 
the East, having the same length as the last named; (4.) of الخراع‎ 
السوداء‎ , the black dhirt’, so called because, as is said, its length was 
determined by that of the arm of a slave of ‘al-MAmén, measuring six 
fists and three fingers, and by which were sold the byssus and other 
valuable stuffs of the bazaars of Baghdiid; and (5.) of the dhira’ called 
الياشبية‎ or الملكيذ‎ , of Persian. origin, measuring one anil a third of 
No. (3.), that is, eight fists. Our author elsewhere speaks definitely of 
~~ ए by which he probably intends Nola} ذراع اليد‎ , and of 
the dhird’ of clothing-bazaars. What he calls the dhiri’, without 
qualification, is probably to be understood as No. (5.). See Casiri's Bibl 
Arabico-Hisp., i. 985, ff; and Ferganensis = = = Elem. Astron. op, J. Golil, 
pp- 73, 74. 


2, .م‎ 24. This term is explained by the figure of the %iL«, given on 
page 94. 
` .م‎ 25. Having satisfied ourselves that M. Khanikotf’s conjecture as 
(6 the authorship of the work before us is incorrect, we propose simply 
to give the substance of it in this note, in connection with what seems 
to us to be the true view. But we will first bring together a few notices 
of learned men whom our author speaks of as his, predecessors in the 
same field of research, who are not particularly referred to in M. Khani- 
koff’s note on pages 24, 25. | 
Sand Bin ‘Ali is characterized by an Arab author quoted by Casiri, 
in Bibl. Arabico-Hisp, i. 439; 440, as follows: “An excellent astrono- 
met, conversant with the theory of the motion of the stars, and skilled 
in making instruments for observations and the astrolabe,, He entered 
into the service of ‘ul-Mimén to prepare instruments for observation, 
and to make observations, in the quarter called ‘ashShamisiyab at 
Baghdad ; and he did accordingly, and tested the positions of the 
He did not finish’ his observations, on account of the death of 


L2, vt, ms ومايها‎ : 1 3, १५, ms Lars; 1. 6, بكر‎ mn oa; 1.8, 
السمنكانى‎ 

سلسم الثانى فق مقياس ألياء 1099 ms,‏ الباب الرابع before‏ ,فق ,1.1 

But the second division of the book‏ , ومقدار ملاء الارض LPS‏ ومو 

commences with the fifth lecture—see p.17; and ... فى مقباس‎ 

is evidently a blundering anticipation of the title of this fourth 

chapter of the third lecture. 





1. 1, 44, ms, he: 4, 94, ma, RLS) 1 6, ©4, 5 soe substi- 
tuted for a word illegible in ma; L 7, *, ms. {^4*१४ ; 112, ¢4, 
mt وخيسن‎ : L138 r,s, § (ल 4ع , فيس‎ ims, sles 

- 1, 1, 4“, ms. ol tt; 1.13, af, (ज omitted in ms.; 1. 14, #५, for 


= L 15, نم امه‎ Sie at, ms, AS 


Nod, yet) me, متاقيل عم ,*» : مثقال‎ : »5, ms. Lila: |, 3, BS) ms. 


१५१५८०५; 1 + ९9, ms, bl d; 1.6, ©", ms. أستار‎ . 
1. 33, ,ة»‎ me 3,421, 


. 15, 75, ms. al, 


॥ 6, 35, ms. العالم‎ : 1 7, #5, ms, الموازأة‎ 

1 9, 45, ms. ~~~ अ - This correction is required by the mul- 
tiplication together of the numbers of the incidents combined. 
The enumeration just made involves nine specifications relative to 
the position of the axis, covering the two cases of separation and 
connection between the tongue and beam, and also the two cases 
supposed with regurd to the position of the tongue when jomed to 
the beam; and this nomber nine ia multiplied by the number of 
the specifications respecting the position of the line of suspension 
of the bowls, 

J, ms, 585°; BS, ms, cyte; १४, ms, مقلوب‎ , 


. L 15, ma, mis. الفنارين‎ : L 18, 288, سلسان..قمد‎ 


1. 29, o°, ms. المواضع‎ 
1 0 كبا سر‎ omitted in Ts. ३ L 9, च, a) conjectural for mith 
abbreviation of the ma. 


110 
1 
73. 


75. 


> 


585 5 5 


أو المعيار عد १५,‏ الملواعر me‏ ,ةع ;1.7 M3;‏ أن २5, ms,‏ ,3 .1 .100 


103. 1.4, wa, ms. begat, عم ,ذه‎ (५ : 1, ठ, a2, for 32) النعدى الى‎ 


. سانوق ms.‏ .25 ,1.12 ; القربى إلى البعدن ms. has‏ 


नि, ठ. Some necessary changes of diacritical points are not here no- 
ticed. The original ma, it will be remembered, is without these points. 


5858 


<< ااا هسنا‎ १ 
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1. 6, कग, ms, Soles. ; 110, 7, ms. 3. 

I, 8, अ=, ms, عر لز‎ 

L 10,907, ms. (=) 

L 2, ,ته‎ me فأعظميبا‎ 

1. +, p?, ma. مد‎ > ५, 9 fragment of asentence, which we have com 
pleted as in the text: التخامس + بقدر قوته 3 بقدر جامد‎ 
in accordance with the French translation of our correspondent. 
1 2) @?, ms. =>; iF 3, 4+ ms, اعظبيا‎ 

1, 6, #7, ms, Xai}, #2, ms, الماع‎ ; 15,242, ms, Rl, 082, ms, وبسع‎ 
1. 5, تعد‎ me, 391; 1.9, 22, ms. it, ,ديق‎ mes. (16; 1.10, #7, ms. 
>~) 


1. 12, a, ms. (> , 





, 1. 9, ह 9, ms. خبسياتيا‎ 


1. 8, र, ma, Sell; 1. 4, 45, ms. قاعلة‎ 

1. 9, العدى = الي تقل الماء ,ثم‎ LS supplied to complete 
the sense. 

1,2, 73, ms, ee; 1. 8,29, ms. SLI —by an oversight of the 
copyist, الثقيلة‎ and لخفيفة‎ in this sentence were transposed ; |. 7, 
A?, ms. بالرطوية‎ 1,12, #3, ma, Wat; 1. 15, 3%, (ॐ) rapes ol crt 3 
= +~ الى فى‎ ead رسب‎ supplied to complete the sense; |. 16, 
०, ma. र 4 

= باب مقياس المايعات وتمن المقالة الاو لفوفس ال ms. os‏ ,43 ,4 .1 
ms, e235‏ ,تومه ,18 .1 

L 4, 383, ms, sl4, ,3ه‎ ms, أرضن‎ + po, ms. أو البقك والتكلس‎ कर, 
ms. \ fats . 

L 7, अ, ms. a, 

1.8, #9, ms. البوائبيتك‎ : 1 4 ms, البدخشى‎ ; 1 9, “+>; 
supplied to make out the sense, 

1:12, ,فهو‎ ma Gell. 

1. 3, ४२, ms. >> (=); 1.12, ao, ms, SS): 1. 11, 23, ms. = 
!. 1,. الفصل الثانى ,ديو‎ omitted in ms, 

1, 7, £3, ms. 2254): 110,854, ms. اذى‎ 1. 18, , 24, ms. os 
|, 5, ef, ms ,4ك ,16 ; والراط‎ ms ois, ९५ ms, تواء‎ 19, 7 
ms. > : 
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chs 
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= = 9 8 2 iad 
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[1 we of Publication, 


१४. 1.6, به‎ ms. (weilebinsd; 1.8, 2, ms. ولابارن‎ 1. 13, क, هط‎ uy bl, 
tsa 


13. 1. 6, am, ms. زبي‎ 1. 14, a, ms. (55! 5-9) and so wherever else the 


name Occurs. 
15. Live, ms موضعيا‎ : 1. 4, go, ms. شوتف‎ 1.11, % eye) omitted in ms, 
16. 1.13, 9, ms. انساب‎ 
17: 1.2, به‎ ms. a; 1. 7, 4, ms. an, 
18. 1.6, به‎ ms. ,نه ,8 .1 : والطبيعة‎ me ومو- المصرى‎ note ॐ p.111 


18, . 1 أبوات ,مه,8‎ Ra omitted in ms. 


91 12, ॐ, ابواب‎ Xe)! omitted in ma. 1. 192, =, | omitted in ms, and 


so wherever else this numeral appears in the table of contents, 
2. 1. 3, ,2ه‎ ms. = ألم‎ 1, 9, ®>, ms, بعضها‎ : 1. 11, »2, ma. الموى‎ 
23, 1. 5, बर, ma. + This correction is required by the stetement 
of the contents of the second and third parts of the work given. 
page 17; 1. 11, ९, ms. Ko —see preceding note, The num- 
bering of the chapters of this lecture has been altered in accord 
ance with the corrections of the text here made 5 
84 1.10, 77, ms. خمسون‎ for وأربعون.‎ ~, 92, ms, مانا وخيسون‎ 
—A collation of the whole ms, from which our extracts are made 
is necessary to verify this statement. Some of the numerals indi- 
esting the numbers of sections are obscurely written in the ms, 
which we have in our hands; and, though our correspondents 
analysis has given us certainty in some of the doubtful cases, it 
still remains uncertain whether the number of sections in chb. 1 
and ॐ of lect. 4, chh. 4 and 10 of lect. @, ond ch. 4 of lect. 7 is 
z ie. 5, as stated, or ¢ Le. 8, We have also doubted whether 
to read 5 ie. 7, or ५ Le. 4, for the number of sections in ch. 5 
of lect. 8; and what value to assign to a character, repeatedly 
" ,تهون‎ which resembles the letter .ع‎ In our mu. of the table given 
on pages 73, 74, the same character is used for 0, but of course 
i this is not its value in the table of contents. From its similarity 
to the Indian numeral for 4, and because in one instance the letter 
© seems to be added to explain It, we have assigned to it that 


ry 


` + "इ. On the grounds assumed, the total number of sections 


1١ ١ gomes out larger, by twenty-one, than the statement of our ms, 
og, 1.6 ,2و2‎ ms. القونى‎ —see note 3, ], 111; 17 12, ma, is pal! — 
seo note 3, .م‎ 1 1. 9,.43 Js omitted im ms, 
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clearly see wh न could scarcely at all profit by the 
scientific ا‎ of the East of the गाल and ee the 
scientific Se Bae of true Orientals has been almostyentirely 
withdrawn from its notice. 1 

Let me be allowed, in conclusion, to add 8 single observation, 
which ig, that it is an error to attribute to Arab genius all the 
great results that the East has attained in the sciences. This 
error rests upon the fact that most of the scientific treatises of 
Orientals are written in the Arabic language. But would lan- 
guage alone authorize us to give the name of Roman to Coper- 
nicus, Kepler, and Newton, to the prejudice of the glory of those 
nations which gave them birth? Should, then, ‘al-Hamadanf, 
‘al-Firuzabidi, ‘al-Khaiyimi, and many others, bey ure in the his- 
tory of science as Arabs, only because they enriched the litera- 
ture of this ee Be with the Makimit, the Kimi, व्‌ ६ 
of the पाच, physical researches, and algebraic treatises? It 
would be more just as it seems to me, to restore these to the 
Iranian race, and to suppress the injuriously restrictive name of 
Arab civilization, substituting for it that of the contribution of 
the Orient to the civilization of humanity. 


Nihmat-Abad, 28 06+ 
8 
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Besides re-translating the Arabic extracts in the foregoing article, 
and making other changes which are specified in the following notes, 
we have freely altered whatever seemed to us to admit of improvement, 
being desirous to do full justice to so valuable a communication, sceord- 
ing to our best judgment and that of scientific friends who have aided 
us, and fully believing that our correspondent, if we could have con- 

him, would have approved of every alteration which we have 


made, Comm. or Prat. 
I. Norss on toe Texr. 
Referred to by Letters, 

Page. 5 a 1 3 

4. 1. 8, क, هنم‎ > ; 111, 3, ms, अन 

8. 1.3, € ms. (>= 

8. 1.11, 4, الأولى‎ omitted in ms, 

11. 1.6, ¢, ms, المتعارقية‎ : 1:8, 4, ms, والطبيعة‎ ; 1.14, g, بعس‎ >, 


A, ms. ب لعا‎ 





ee अ. 


108 ॐ Khanibog, 
they already recognized that the air has weight, by the مظع صر‎ 
which it ५ 00006 yn the weight of bodies. | | 

4 ane they observed (प action 5 جنا‎ capillary force holding 
liquids in suspension within tubes of small diameters, open at 
ह. ‘That they made frequent use of the areometer, which they 
ad inherited from antiquity, and that this dita very 
robably, served them for a thermometer, नक by 
11 of density, the different temperatures of liquic 2 

6. The pan they already had sufficiently full and accurate tables 
‘of the specific gravities of most of the solids and liquids known 


to them. 
wa 7. That they had attained, as Baron vy. Humboldt very cor- 
rec द to experimentation; that they recognized even 
in a foree 80 general ns وديم‎ , MANE upon ग ll the molecules of 
bodies, a power of revealing to ua the hidden qualities of those 
bodies, a5 effective as chemical analysis, and that weight is a key 
to very many secrets of nature; that they formed learned asso- 
‘ciation, like the Florentine Academy; and that the researches 
‘of the students of nature in Khuwirazm, of the twelfth century, 
‘well deserve to be searched for and published. | 
Here an वः very naturally suggeste itself It is generally 
known that, at the time when the taste for arts and sciences 
awoke to #o brilliant a life in Europe, the Arabs powerfully 
influenced the development of several of the sciences. How” 
eomes it, then, that their progress in physics can have remained 
so completely unknown to the learned of Europe? The answer 
seems to me perfectly simple. The immense extent of the Kha- 
lifate was a cause which produced and perpetuated the separation 
and isolation of the interests of the various heterogeneous parts 
which composed it. A philosopher of Maghrib would doubtless 
understand the writings of a philosopher of Ghaznah; but how 
should he know that such o [Sey existed? The journeys so 
often undertaken by the Arabs were insufficient to estab fish २ 
free पिश as ideas; even the pilgrimage to Makkah, which 
brought together every year representatives of all the nations 
subject, whether willingly or lagen. y, to the law of the Mus- 
lim धः het, failed, by reason of its exclusive character, to modify 
in any degree that separation of moral ogi which kept the 
different Muslim countries apart from one another. Moreover, 
the crusades had an effect to intercept communication between 
the Muslim East and West. .Atlength, the Mongol and Turkish 
invasions split the Muslim bic into two parts wholly estranged 
from one another, and, so to spea shut up the scientific treasures 
of each part within the countries where they were produced. If, 
now, we reflect that the era of the renaissance in Europe म 
cisely coincides with that same invasion of the Turks, we shall 
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_.The balance-level consisted of 8 long lever, to the two ends of 
which were attached two fine cilken cords, turning on an axis 
fixed at a point a little above its centre of gravity, and suspended 
between two sight-pieces of wood, 21, graduated. At the 
moment when the lever became horizontal, the cords were drawn 
in a horizontal direction, without deranging its equilibrum, and 
the divisions of the scales of the sig! ht-pieces, corresponding to 
the: points where the cords touched them, were noted. For. lev- 
elling plane surfaces, use was made of a pyramid with an equi- 
lateral, triangular are: and bollow and open to the light, from 
the summit of which hung a thread ending with a heavy point. 
The base of the pyramid thas arranged was applied to the plane 
which was to be levelled, and carried over this plane in all 
directions, Wherever the plane ceased to be horizontal, the 
point deviated from the centre of the base. | 

. The bainnce-clock consisted of a long lever suspended similarly 
to the balance-leval. To one of its arms was attached a reservoir 
of water, which, by means of a small hole perforated on the 
bottom. of it, em pried itself in Brenly eC hours. This reservoir, 
being filled with water, was poised by weights attached to the 
other arm.of the lever, and, in cca as the water flowed 
from it, the arm bearing it was lifted, the wei oa on the other 
arm 511 dows, and by 2 cect ate from centre of sus 

+ pension indicated the time which had elapsed. 


Recapitulating, now, briefly, the results brought out in this 
analysis, We see: | 

1. That the Muslim natural philosophers of the twelfth century 
were much 37 ‘advance of the’ ancients as regards their ideas of 
attraction, It ia true, they ventured not to’ consider this attrac- 
tion as a universal force; they attributed toit a direction towards 
the centre of the earth, as ९ ५ € centre of the universe; and they 
excluded the heavenly bodies from its influence.?* Yet they 
knew that it acts in a ratio of distance from the centre of attrac- 
tion, As to their strange supposition that the action of this 
force is in the direct ratio of the distance, having gone so fur a3 
they had in physics, they must very soon have discovered that 
it was not in accordance with nature, 
2) That اسم‎ 7 had sufficiently correct ideas respecting certain 
méchaniea! principles; that they knew the equation which con- 
necta velocity with space traversed and time employed in Fong 
over it; that they were in possession of several theorems relative 
to centres of gravity; and that the theory of the loaded lever was 
very familiar to them. | 

8. Thut, without yet daring to reject the ideas which had been 
handed down to them by antiquity as to heaviness and lightness, 

Sh 
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ثفله ووزانته فيجب أن ie, a Jeol, ice‏ التأفل ان تنظ فان 
شال Nis cps Ace‏ التقل 5( الاخرى شال bh Lew!‏ + قل 
حققف ما ذكرنأه ८‏ التبويه Lal,‏ اذا شال Po}‏ للانبين 1513 نقل شال 





خلاله جويغا لا يقاوم الذعب ويرده الى anal) RA‏ وجحول زنته الى BAS‏ 
الغضة LED,‏ يكون WIE‏ بسبب ig‏ | 


the way to be considerate is to watch [the balance] one now, one of the 
two "he ies [of the ea | 15 भि and if, upon the transfer of gravity to 
the other movable bowl, this side still goos up, the tampering which we 
have spoken of is made certain. If one of the two sides goes up, and 
then, when there has been a transfer [of pre vity], the other side poes 
up, the body 18 on ot ooded of the two substances. 

` The distribution [of weight] mmst be made agreeably to instructions ; 
and one must beware of being deceived in the second case gainers | 
it, for exumple, in the case of a compound bo ae and silver [suppc 

bat not pcre by, प and, considering that there may be 
some hollow pyar a which opposes [the discovery in it of] gold, 
and makes it [appear as if] of the lightness of silver, one should remove 
its weight to the bow! [adjusted] for silver; whereupon, by reason of a 
hollow place, one’s conclasion may be changed. 


It is evident from this passage that the Muslim natural philo- 
sophers of the twelfth 0 ry had so elaborated So) wag ag 
to make it indicate, not only the absolute and the specific gravity 
of bodies, but also, for bodies made up of two simple substances 
a quantity dependent on the aeons and the specilic gravity, 
which may be expressed by the formu 

1 1 


te re 
sho 
क त्रः 

where W is the ادعام‎ न of ie न examined, 9. gr, its 
Epeci 89 6.00 € densit 3.9 its two supposed compo- 
nents, and 2 the absolute weight of the latter component.?* In 
order to accomplish that object, however, they were led to make 
their balance of enormous dimensions, such as rendered it very 














inconvenient for ge researches, 
I will bring this analysis to sae ty b سك‎ ‘exponition of 
the manner in which the Muslim natural philosophers applied the 


balance to levelling and to the measuring of time. 


"+^ 
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Lil,‏ فى الغلوات اذا ل ५‏ البنقلتين جبيعا فبو مركب مئنيما ناذا 
أردنا تمييؤما فى اللختئلط من كل واحد منهما ثانا ورعنا البثاقيل بين 
المنقلتين مرة بعصها الى الينقلة وتعصياءالى भ‏ وتطرنا فان شال 
انب اديمن نقلنا من كر ceed‏ الى cyt!‏ الى بعدييما” o's‏ مال نقلنا من 
البعدى الى القن" oh bl Lele hese MARS,‏ يعتدل الميوان فبعل الاستواء 
نظرنا الى ما فى كفنة مركو الغلو من النثاقيل فهى فئ المركب منه وما خى 
الاخرى فباقيه منه .وان ल hed‏ بالمتاقيل LG ko‏ نأخذ 
رتاة المتاقيل من الرمل المكى lig get IS‏ الرمل فالبوور المنقاة تنوب منابه 
ونوزعه Lapin:‏ فاذا اعتدل ونا ماافى كل منقلة منيما eared‏ على Ke‏ 
Lal, Kall‏ اذا لم يعتدل الميوان .لا فى الاول GLU EY,‏ ولا بالتوزيع Lend‏ 
2 فالمركب اما ليس من Ga ed‏ الب ذكوريى واما مركب فى SOUS‏ 
جواتم aly‏ أو فييما مويه ومعاناة ap‏ اء جوف ومن التجويف نقل 


nent of the mixture, we distribute the mithkiils, at once, between a 
two movable bowls [suspended at the two points indicating the specific 
uravities of the a metals supposed |, giving some of them to tho 
movable bowl [so called], and some of them to the winged bowl, snd 
watch. If then, the right side [of the beam] goes up, we transfer [mith- 
kits] from the bowl nearer to the tongue to that which is farther from it; 
and, if the right side goes down, we transfer mithkils from the farther 
bow! to the nearer: and so on, until the balance is in equilibrium. Then, 
after it is even, we look to see how many mithkAls are in the bowl [sus- 

nded at the point] of the specific gravity of 9 [supposed] metal, and 
those constitute the weight of that metal in the compound; and the 
mithkils in the other bowl constitute the weight of the other com- 

४. If wo fail to distribute exactly between the two bowls by mith- 
عاش‎ we take the weigh ht of the mithkils in Makkah-sand, or, when sand 
ja not to be had, sifted seeds sn गु its place and we distribute the sand 
[or seeds] between the two bowls, When the balance is bro ugh to arf 
equilibrium, we weigh what is in each of the two movable bowls, and so 
ia obtained 8 result as perfect as can be. 

Shonld the balance not be made even in either the first or the second 
instance [namely, by putting all the mithkAls in one or the other of the 
two ६ पणः by distribution احم دنا‎ the two bowls 1 then 
the compound either does not consist of the two substances which may 
have been mentioned, or is composed of three or more substances; or 
else the two [ns cont unded together] have been tampered with, and pur- 
posely fissured or hollowed. A العلا‎ ity gives occasion for transfer of 
gravity and weight, One must be careful and considerate, therefore; and 





الفصل الثانى | 
فى yeu!‏ تنايى المركب من أثنين اتنين أى من فلزى PM See‏ ومنه ` 


١ والدنانير‎ eel All عيار‎ ae 
| فانا ركب المنقلتين بعد تركيب الطرفيتين = الغلزين‎ 


المطنئوتين of‏ احديهما على مركر seb Sol‏ والاخرى على =( / 
يلور او clos‏ ثر.تعدل المهؤان غاية التعديل حتى استوى لساند AB‏ 9 
فى البوايبتين غاية الاستقصاء ثم. احدرناه 4 all‏ المابية واستقصينا فى 
وصول hall‏ الى -جميع aula!‏ ذا فى يسع الوران لتجاويقه sll!‏ أو 
الطرى حي امكن لوقع التهمة:كم تفلن المثاقيل الى المنقلة التى على 
مركزه ونطرنا الى الميؤان ذان اعتدل فهو مو خالصا وان لر يعتدل نقلناغا 
الى البئقلة الاخرى فان استوى اللسان فيو من جنس البركر مغشوشا 
ملونا We,‏ ى Kad sill‏ خاضة لا يخلى اما أن يكون AS B12‏ 
Trial of a Binary, made wp of any two Substances [rupposed], € 7, of‏ 


tials, and similar to Gold م‎ whereby the Assignment of their "ل‎ 
Falue to Dorhama and Pindéra ws determined. 


After having adjusted the two extreme bowls and the water-bowl, we 
| set the two movable bowls at the [points indicating the] apecific 
॥ gravities of the two न posed, GF one of them at point = 

cating the) specific gravity of a precions stone, and the other at [the 
point indicating specific eee: of) its like in color, crystal or 
glass ass; anid then we poise the with the utmost exactness, until 
पनः erect. Then we wenzh the body [ander etamination | 
اج‎ the twa air-bowls, taking the greatest care; and in the next place 
dip it into the water-bow! Bigg careful that the water reaches all its 
rts is a matter that the weigher can manage, ns it respects 
i places in sight, or seams, 80 a8 to be able to remove uncertainty— 
fer which we transfer the mithkils [from the air-bowl on the nght 
Gand] to the movable bowl suspended at the [point indicating the} 
specific gravity [of one of the two substances supposed], and watch the 
balance. If the balance is phew brium, the body is that substance, 
vare स if it is not even, we the mithk&ls to the other movable 
how!: and if the tongue then stands erect, the body isa colored jmita- 
tion, having naturally th व specific gravity. These remarks apply 
| ages not كت‎ ely, to precious stones. 
Tn the case of metala, when neither mate bowl brings the bal- 
ance to equilihrom, fthe ed of the two [metals 
supposed]; and, if we wish to distinguish quantity of} each compo-. 
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>+ وفى جبيع اجَرايه وان اتفف فيه ثقب أو “جويف ججب أن عتلى ماء 
Agel,‏ الوزان فى ذلك ما فى سعته من الاحقياط في ايصال الماء الى جميع 
اجرايه إلى ان لا يبقى  ad‏ تتجويف أو ثقب nd‏ شواء: ثر hans‏ اليه الباء 
لان حكم ALLEY th BALD‏ مع الاخف ake‏ كم نقلنا المثاقيل من 
الطرغية الى المنقلة البموضوعة على مركره 03 اعتدل الميزان واستوى 
A‏ جل الى -جانب فهو مو خالصا ان كان IB‏ جوع ! حجريا وان هال 
ألى dle‏ فليس وهو ان Jal! Lily Lo (४‏ خليس مو خالصا Lely‏ شابه 
غيره فان كان الشول لجانب المثاقيل ذاختلط بالجرم GEM‏ وأن كان == 
all‏ فبالاتقل Lely ade‏ اذا لر يشبه غيره فقيه مويه ومعاناة جوف ذو قواء 
وشقوق أو ما اشبده ذلك من كيل خلكترز منه وليظير» بالطرى تلفلرات 


Trial of Single Simple Substances, after placing the Movable Bowl! at 
the [Point indicating the] x9 + Gramty of the Metal [or Precious 
Stone], and after the Poising of the Balance, 


When that is the trial which we wish to make, we weigh the substance— 
it. being on the left, and the mithkAls on the rig ht, in the two air-bowls ; 
then we let it down into the water-bowl, until it is submerged, and the 
water reaches all sides and penetrates all parts of it. If there happens 
to be a perforation or a ४ ماع‎ in it, that must be filled with 
water; and the weigher endeavor to have it so, taking all possible care 
that the water اويح رجن‎ ee parts, in order that there may remain in it 
no hollow place, nor perforation, containing air, which t = water does 
nat pence: because a void place in the substance has-the same effect 
as if it were mingled with something lighter than itself. After this 
we transfer the mithkAls from the extreme bow! [on the right] to 
the movable bowl, placed at the xpos indicating the] ع‎ ific gravity 
of the substance; whereupon, if the balance is poised, and stands ४ : 
not mpegs ore way, the substance is what it is [supposed to be}, p 
whether a ta or a precious stone. Should the balance lean any | 
the substance is not what it is [supposed to be], if 8 precious stone; 
and, as to the case of 3 metal, it is not purely that, but only something 
like it, different from it. If the rising [of the beam] is ane side 
of the mithkils, the substance [he ing a metal] is mixed with some 
body heavier than itself; if on the side of the substance, then with 
Borne yi der hier body. 0 | न 

On the other hand, since the substance may not be an imitation, 0 
may have been tampered with, and expressly made hollow, blown with 
air, fissured, or the like, trickishly, let that be looked out for, and made 
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| > فى العمل بالميوارح‎ 
Goss! لنا أن‎ Po ade shit من امحان المبزان واثبات‎ bes قد‎ St, 
من:جهاذ المركر بالمنقلتين‎ ज فى الل بد وامتحان خالص‎ 
واشباخه .وملونة مفردا ومثى: :دون‎ abst باون سي واقرب وقدت من‎ 
وما ورأيه ركبنا كفتى البيزإن الهوانيتين والماثية فى الماء كم تركب‎ > 
استوى‎ Sm المنقلة على مركو 4 ويعدل بالرمانة والنعيار”'‎ 
لليختلط من‎ = (४1७ لسانه عذا اذك كان الامحان للمغرداتة واما‎ 





جوترين أو الملون الموتوم LS;‏ البنقلتين على Les pa‏ 2 عدلناه غايلا 


التعديل > GAS!‏ فى الامحان 
Meat‏ اذدول 
فى اماحان واحد واحد من المفردات بعد وضع البنقلة على مركو pe‏ 
chee! Bawls‏ 
اذا اردنا ذلكه وزنا eB‏ وو حو اليسار SI,‏ حو اليبين 4 اللفتين 
Bde‏ ارسلناه آلى So Rll Mall‏ يغوص ثيه ويصيبة البلل من جميع 
Cuarrer Fovers. ([Lect. 6.]‏ 
Application of the Comprehensive Balance.‏ 

‘Having finished experimenting with the balance, and fixing upon it 
the [pot ints indicating] specific gravities, it only remains for us to go 
canine application of it, and the trial of a Seay وم اه‎ metal or 
precious stone, by means of the two movable bowls [that called “the 
movable” and “the win ged} reference being had to ape ifie gravity, 
with the least trouble and in the shortest time, by way of distinguishing 

{भन bh metal or precious stone] from one which छ alloyed, or from imita- 
ia or from its like in color—the substance being either simple or 
binary, not trinal, nor yet more complex. | 

We adjust the two air-bowls of the balance, pnt the water-bowl into 
the water, and then set the movable bow! at the 1 point indicating the] 
specific gravity of the given substance, and equilibrate by moans of the 
pomegranate-counterpoise and the seale, until the tongue of the balance 
stands erect. Thos we proceed when the trial respects simple sub- 
stances, When the trial is in reference toa mixture of two substan- 
ces, OF 9 e iodicating the} 6010 ea क movable bowls at the 
te points indicating the ye 6 gravities of the two substances, and 
bring the balance to an equilibrium, with the utmost precision: possible, 
and make the trial | + 
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ما بخص منها Slide she 25d‏ وننسب اليل اليه وتحفظه ety‏ 4 ليها 
أن اشاء alll‏ تعالى ججب أن يبل فى Les‏ = الفاتر دون البارد Wom‏ 
= ومع ५१२८-1 MS,‏ بيتس اننع )+> اكل عا يمجد فى = 
ولهذه العلة Lon!‏ يرسب فنجانة الماء قيد اذا كان الماء صادى Sot‏ بحلييًا 
> كان حارا ^=( وقيما بينهما لا ترسب PLS‏ اذا كأن فاترا ولهذا اثر 


الفلوات Rules Rell Lp Zit‏ خوارزم .فى tal usd Jub!‏ 
والمباه معتادلة البرد واثبتها فى رسالة Sell‏ ,8 


one hundred mithkAls; and we refer [all] ope erations to that [result, os 
astandard], and keep it in mind against the time when we are called 
upon to perform them, if the Supreme God #o wills. 

In winter, one must operate with tepid, not very cold, water, on 
account of the inspissation and opposition to gravity of the latter, in 
consequence of which the water-weight of the body [weighed in it] 
comes out less than it is found to be in summer, 11118 is the renson 
why the water-bowl settles down when the water has just the right 
degrees of coldness, and is in slow motion, while, in case it is hot and 
moving quickly, or of a lower temperature, yet warmer than it should 
be, the bow! does not settle down as when the water is tepid. The 
temperature of water is plainly indicated, both in winter and summer ; 
let these particulars, therefore, be kept in mind. 

‘Abu-r-Raihin—to whom may God be merciful !—made his observa- 
tions on the water-weight of metals and precious stones in Jurjaniyah ه]‎ 
city] of Khuwdrazm, early in antumn, and with waters of middling cold- 
ness, and set them down in his treatise already spoken of. 


This م‎ | ser it beyond doubt that the Muslim natural 
ngOT عر‎ twelfth century knew the air to have wei ght, 





ere of 
though they were without the means of ध esas The 
sentence italicized would lead one to believe that they had some 
means of measuring the temperature of water; and, not to resort 
to the supposition that they possessed any thermometrical in- 
strument, even of the sort used by Otto Guericke, which was 
a balance, 1 think that they simply used the areometer for that 
purpose: and that this instrument was the means of their 
recognizing that the density of water is greater exactly in the ratio 





of its increase in coldness, 

As a last citation of the words of the author whose work we 
have len ne zing, I shall transcribe and translate the passage 
in which he exhibits the application of the balance of wisdom to 
the examination of metals and precious stones, with regard to 
their purity, It is as follows: | 













Pomegranate-counterpoise, which 
rides upon the Rising Half. 





छ recapitulates, briefly, his description of the different 
षि (त) ff the balance of wisdom, and then proceeds to speak, in 
detail, of the mode of adjusting it. Nothing of what he says on 





set sire 1 acser es to be cited 1 will only borrow from it the 
that the Arab physicists were accustomed to mark 





the specific gravities of different bodies, on the right arm of the 
‘bear, by Gar of silver enchnased at different places along the 
seale, where the movable bowl was to be put in order to coun- 
Gerbalance the loss of weight of different metals and A eh pa 
ones when plunged into water. This accounts for the term 


८ 










पी, “round points,” applied to marks of specifie gravity 

: up nthe beam of the balavce; and similar usage in Tespect to 

marks of weight upon the beam led to the more general ap-‏ إل 
2< 


م 






د مرج 


plication of this term. | 
1 + ^ Bat, before proceeding to describe the application of this bal- 
‘ance to the examination of metals and precious stones, as to their 
एण नु will bring out all the ee the instrument 
St think it incumbent upon me to tranzeribe and translate the 
_ brs lowing passage, which is, without doubt, one of the most re- 
~ rable in the whole work : 


| स Res فى‎ 

الزناة الهوابيي: لا => SS‏ 1 وان १ 9४‏ 

ह| 4 al ५-23-13 المانية ا‎ a क =. 
is gest thee ah ts np ees ll aad oa 

المستنقعات خ اللطاف؟ واللتافة وما يعر ص فيه من اختلاق القصو! ١ well,‏ 

كي فيتختار مم Al, Rinne liad cla alae!‏ معروف hid‏ إنتد 11 iL‏ لمابية. مغلم 

are Sreriox Form [Lect 6, Chap. 4] 

| Airweight does not حا‎ parently vary, although there is actual rari 

As regards its water-weight, a uly visibly ge es, according to the 

tr ones between waters of [different] regions, wells, and reservoirs, in 


“respect rarity and density, er with the incidental difference due to 
the variety of seasons and uses, So then, the water of some determined 
and known city is selected, and we olserve upon the water- 
اليد‎ of the body, noting exactly what it is, relatively to the weight of 
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صو }5 xsl‏ البعروف بالجامع 
Figure of the Balance of Wisdom, called the Comprehensive.‏ 


[ 1 
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above, on the left : above, on the right 
नि النصف الايسر‎ Left पश्चा (= (+ النصف‎ Right Half, 
for Substances. for Counterpoises. 
along the beam, on the left: along the beam, on the right : 
الشعيرات الظامة‎ Plain Round- الشعيرات لكاي‎ Hidden?* Round- 
point Numbers. point Numbers. 


under the beam, on the right: 
lh عليه فى هذا‎ Tl The Specific Gravities are marked on 


this Side of the Beam 
a, gel! Meansof Suspension. नानी الطرقية‎ Air-bow! for the 
8. العريصة‎ Front-piece. End. 
<, اللسان‎ Tongue. الثانيةة .و‎ Real gl الطرفية‎ Second 
d, =. ~>} Two Cheeks [of Air-bowl for the End. 
the Front-piece] he ५141 تفز الماء‎ Third [or] Wa- 
and under the beam on the left ter-bowl 
Ut العريصة واللسان" بعد غير‎ i, الرابعة‎ Kus Fourth [or] Wing- 
& بعد الامتحان‎ dy اذا الاحكام‎ ed 
موضعد‎ The Front-piece and the 7 ent sacl! Fifth [or] Movable 
Tongue as disconnected [from the : 
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hemispherical in shape, might be moved alon ६ right arm of 
the beam: it was called “the movable” bowl, المنقلة‎ The spher- 
ical bowl, also, was moved along the right arm. The bowl in- 
tended to be plun ged into water was made fast underneath the 
acrial bow! of the left arm, and bore the name of “the aquatic" 
bowl, kU), As to the spherical bowl, its name, sufficiently 
explained by its form, just now described, and given to it in the 
extract, was “the winged” bowl, المجتكة‎ .. Our author adds 
that it was indispensable to have at least one movable bowl, 
‘order to balance the two which were used when the body 
eighed was plunged into the water. 

‘The following is a copy, of our author's drawing of these five 
bowls grouped together नै 

















4 
। 3 
a, الاولى اليبنى‎ ञी 0. अ = اللفة الرابقة‎ 
First, Right-hand .اسم‎ ह 
} Fourth, Winged Bowl, eut on the 

5 2, cs nll > Salt two sides, 

Second, Left-hand Bowl. (८. انب =+ الانسى‎ 
J > ليا‎ Map kbs العالتز‎ Kalil Inner, Nearer Side. 
ए aie । ^ المنقلة‎ Kar اللقة لخامسة‎ 


Third, Conical Bow!, called the Fifth Bowl, which is the Movable 


owl, 


| 


Having devoted a paragraph to describing the form which 
should be given to the rings of اج‎ nsion for the bowls, all of 
which are shaped like m in the figure on the next page, the 
anthor at length presents 4 complete drawing of the balance of 
wisdom. ‘This we here reproduce, with all the accompanying 
explanations ;3? © a 





ا ak Si‏ عد ا حي جد ير ع نان 
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"Phe author farther deseribes the bowls of the balance, five 
in number. THe advises to make them of very thin plates of 
bronze, and to give to three of them the form of hemispheres, 
; 5; thirty divisions of the scale of the beam in diameter 
The bowl! destined to be plunged 1 into water was finished at the 
bottom with 9 cone, in order that it might more easily overcome 
the resistance of the fluid during the immersion. The remaining 
bowl was spherical in shape. 1 here give the pe ssage describing 
this last bowl, Soi! only that it will be found not to corre- 
pe altogether with the figure d in the representation of all 
the bowls together, presently to be introduced, although evi- 
dently referring to that one.?? 


ثر lsu dot‏ رابعة على كلب ٠‏ قطرعا تلثون جرء شبيية البوابيتين 
> من انين بقدر خيسة اجراء lee‏ حو القطب إلى ~ Sod)‏ 
> طنىل والاخر See‏ ويكون البعد بين القطب الذى ثموه ونقطة 
رن ليسا ;= ون « ونقطة م <$ أجواء وبسيى == het j5‏ 
= ~~ >+ 3 على أن cues‏ الباقى بين Nee on‏ ~ >~ 
من المعيار ثم SEU‏ =~ على حم IGS KiLsuall‏ وندير عليها Bolo‏ 
pitt‏ فرجا وتو خمسة عشر جزء من المعبار ونتحذف Leds‏ ما وراءها A‏ 
nals’ (~ ele‏ ونعقف كل فسمر منيا ونلحيه على خرف كل 
جانب منيا Rat! RAN) (र Mot,‏ 


Then we take a fourth clepsydra, sonia on an axis A, of which the 
diameter measures thirty divisions 7 the scale of the beam), as does that 
of the two sir-bowls; and we cut it on the two sides [of the axis], moas- 
uring five ieee [ones and twice] in the direction of the axis, towards: 
the centre of the balge—of which cuts one is १३१ and the other عسي يردم‎ 
lenving, between the axis A and the point m, a distance of five divisions, 
and, between A and the point m, a distance of ten divisions, and calling 
fl the inner side, and Af the outer side; so that the remainder [of the 
diameter of the clepsydra] between the two.cuts measures fifteen divisions 
of the standard-measure. In the next place, we take a thin plate [of 
bronze], as large as the ole ८२६०५ and mark upon it a circle opening with 
a certain spread, namely, of fifteen divisions of the standard-mensure, and 
eut off from that [plate] all that is outside of that [marked circle]; after 
which we cut that [eirele] into two un aie parts, bend each part, and 
weld it, separately, to one of the po stg of the two sides; and we 
call this the winged bowl. 


Two of these bowls bore the name of “the aerial,” ,العوابية‎ 
and were permanently attached to the bean!’ Another bow! 
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جدول اختلاف وقوع الميزان 











bas a 


التوام 
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1 ~^ :سنيف‎ Pe 








يكون ارجع فيرجع ويقف على موازاة : الاقف Hy‏ نقطه 0 
فهو حور الانقلاب ناذا مال Oy‏ القسم المايل ate‏ اعظظم فيبيل الى | 
ينقلب معكوسا (ity‏ فرص اللسان حت Spee‏ كوك FOSS‏ 

نقطة ص + حور الاعتيال فاذ! حرك ~ يبيل فاذا كور 
قوق حن قيصب حور االثرام aad‏ الشاجل ويقف OS he‏ الآفق ,اذا 
جعل حت Go‏ فنصي حور الانقلاب DEST AS,‏ يقع من يجوه 1 من 
Kee‏ كوتو اساتجا LS ay‏ مع اللساى مستويا ومقلوبا ب ويقع. من حي 
اخور على مركو ثقله اء غوقه أو MSE‏ ب ويقع من موضع معلاق الكفتين 
مند على SSL‏ خور اء فوقه او = سبعظ وعشرون؟' وقوعا وما يلزم 
+ وضع منيا وقد Last‏ ليذه الوقوعات للدول 1 


line drawn to that [higher point, from the centro of the unio‏ ع 
divides the plane [चप] into two parts, of which the one going upw‏ 
ल) wlerates, so that it returns, and stops in a horizontal position‏ 
ane 0 axis| at any point fixed upon below 7 is the axis of reversion‏ 

9 that, when the beam inclines, that part of it which goes down 
ward has the greater bulk, and consequently tips until it turns upside 
down. 


Should the tongue be mado fast below the beam, in the. direction 
of ‘a, and so the common centre of gravity become the point ॐ then 
ase axis nt this point] is the axis of equipoise, and, therefore, when 

beam is put in motion, it stops wherever it is left to itself, 9) 














-, 





when the axis is put above a, it becomes the axis of [paralle! 
ry consequence, = that the part [of the beam] w 

and stops in a horizontal position. When the axis is put below‏ عم 
it becomes the axis of reversion.‏ برا 

Inasmuch as there is chan ase the adjustment of the balance] in 
several ways: 1, in respect to 5 being either detached or joined 

। the tongue—[the tongue] standing np or reversed [according ns it ia 
amaile fast ubove or below the beam]; 2, in respect to the [position of the 
axis [in each of the cases supposed with reference to the connection } 
the team] either at, or above, or below, the centre of gravity; 3, in 
respect to the place on the beam of the means of suspension of the two 
bowls, either even with, or OT ke below, the sts — twenty-seven 
incidents [constituting ६ justment) are made out, together 
with # (4 [as regarda action of the 4 de dent upon 
eer adjustment, and we have drawn up for incidents | 
following table 








ae क «4 
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ase SUG, |‏ حي Sa‏ الاعتذال ف السائب فانه اذا جعل Net‏ 
يقت حيبت بهمل واللسان Lal अ‏ من اقوى توس ونقطة ل مركو تفله 





ह| 
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gb 0 asd exes BA JG SOE واذا جعل ورا يكون حور‎ 
والشايل‎ छ يقسم السطم‎ Lest = السيم‎ ८; => 
The tongue may be made fast above [the beam}, in the direction of 
hs the common centre gravity ; and an axis: at 
14 is he ata of equipoise. So that the parallelism by] 
necessary CONSE UeTICS point fixed upon above ! because 7 


متساويين فيلوم المواراة ५‏ يكن العود السائي Des)‏ ومن ينصفه E‏ 





وسرع ينصفه RGB, Lee‏ 3 ملتقى لكين مركز ثقل العود فاذا جعلنا 
حورا مطواعا يقف > ee:‏ لان سدق ~ الذى خرن من < 
مركز العالم الى 5 مركز التقل يقسم oot eli‏ بقسين متنساوين 
بشرح يطول ذكرء fe‏ اذا مال الى جية وأذا جعلنا قوق © عن مركو 
So ^‏ كارن يقسمس السطم بقسبين تلقن دون 

الشايل اعظم فيرجم ويرجع 5 91 ^ الافف 1 ~ = + 
عن مركو MET‏ ومال. الى Ree‏ فيكون المايل ارجم ان السيم يقسم 


نوق 











الى == Whe,‏ عو حكم السانبي منه Lely‏ اذا =~ الى ثقله تقل اللسان 


| مركو تقل‎ mathe انه ختلف مركر تقله عن الساذي‎ ala, القايم عليه فى‎ 
into two like halves, and parallelism with the horizon is 3 necessary 


Det abjd?* bea “iy ea beam, let the line mm divide it into halves, 
lengthwise, and the line ه"م‎ halve it across, and let A, the point whera 
the two lines meet, be the contre of pravity of the beam. When, there 
fore, we bet the beam on an axis [at that point], so that it obeys [the 
equal weights of its two arms], it stops whefever it is left to itself; 
because the right line اه‎ drawn from &, the centre of the world, to A, 
the centre of gravity, divides the plane aéjd into like halves, according 
ta an explanation which it would take long to state. ‘This equal divis- 
jon occurs, however the beam may incline. When we set [the beam 


onan axis at r,] above 4, away from the centre of gravity, then the line 
بع‎ (drawn from the centre of the world to the point of suspension] 


divides the plane into two parts sore one from the other, of which 
the one going upward has the grenter bulk, so that it preponderntes 
and returns, and parallelism with the horizon is a necessary consequence. 
When we set the beam on an sx at 4, below A, away from the centre 
of gra ravity, and the beam leans, then that part of it which 00९8 down- 
of preponderates; because the ri da line [drawn from the centre of 


the world to oe point of suspension | divides abjd into two parts differ 


ing one from the other, and the mass"? going downward preponderates, 


60 that the beam turns itself upside down. 


„ So much far the beam when detached from the tongue, 


An caso of the combination of its own pravity with the gravity of the 
x 5 y differs from. that of the detached beam, and must 1९62 
sarily यु and that other point corrsponds is the conten 
प ise in the detached beam, so that, when the beam is set ए 

an azis [at that point], it stops wherever it is lefi to न्ह ` 





tongue, placed at right angles to it, in the middle of it, the common cen 











3 Opal وتقل‎ Mt كحور الانقلاب = أن يقع قيما بين مركرئ‎ itt, 
انقلب معكوسا بالطبع لان السهم لخاري من مرَثرا العائر ايقسية‎ o> أذا‎ 
Ag فينقلب لجله والثالت. حور‎ em) dalle. بقسبين مختلفين‎ 
proc “ترك يقسهه السيم‎ (५१ أن بقع احور فوى مركو‎ os 
ويكون الشايل منه ارجح عظير‎ oe slit puts = العام الى مركو‎ 
بتصفيئن‎ Romig US لاى السيم‎ ETT مرجم وبرجع فيقف على حاذان‎ 
le 










fa [== 5‏ ب 


£| كك 


क it into lika halves wherever it stops; 2, the axis of reversion, 
centre of the world and the centre of gravity of the beam, © 

that, when the beam is put in motion, it turns, of itself, upside down, be- 
cause a right line drawn from the centro of the world [through the axis, 
when the centre of (4 “by thrown out of that line] divides it into, two 
other, of which the one going downward pre- 


rates, and the beam is ل‎ nently reversed; 9, the axis of [pete 
mt, 


८ दरतः Bi the centre of gravity of the 
is put in mot a right line drawn from the 
of the world to its centro of suspension divides it into two parts 
differing one from tho other, of which the one going upward exceeds 
111845, جام مسي سبي‎ ape erates and returns, and so the beam 
stops in a horizontal (एल, in this case, a right fined al 
centre of the world to the point of suspension it 


VOL, इ 12 






=. = = ॐ 


it to the beam by two ५ > after having 


that the longer it is the more sensitive will be the instrument. 


ex mentally, across the edge of a knife; and ति: 

| niceby, so that the centre of gravity may be as little 
displaced aa posible. We do not stop to give the description 
j gue and its frame, and limit ourselves to copying 







exactly 1९ : panying figure, which represents these parts 


the balance :** 


5 
, of 
न =, = 


च, العريصة‎ 


Front-piece, 


0. امعقف‎ 
` Bending-place. 





After this, our author exhibits the general eae les which 
concern the suspension of the beam of the घ balance. The passage 
deserves to be transcribed and literally translated, as is done 


Gis! asl 
فى العلم الكلى المطلق فى احكام افحور والمثقب والمثقل‎ 
اذا كان 'العود اسطوانى الشكل سائجا عن اللسان احور يقع عليه من‎ 
حور الاعتدال وهو ان يكون على مركر ثقله فى‎ BOS) كلاثة وجوه‎ 
_ سلس المدار مطواءا للوزن أن‎ opal يبا على طوله فيكون‎ tall وسطه‎ 
من‎ द طبعا لان السهم‎ GEN فى دورانه ولا يوازى‎ १ يقف حيث‎ 
يقسهم بالقطع بنصفين متساويين حيت وقف‎ alt بكر العالم الى هركو‎ 
Sxcriox Fourrm [Lect. 5, Chap. 2) 
the Point of [its] 01 [to the Beam] 


The beam being columnar in shape, detached from the tongue, thera 
are three varieties of axis: 1, |e a ह at the eae to vity 
of the beam, exactly in the middle of os and perpendicular to its length ; 
ao that the beam readily gyrates in ence to equiponderance [in its 
0 going fmoving 


ing, in its Ai round, wherever that 





force] ceases to uct, and not becoming, of itself, parallel with the 





Book of the Balance of Wisdom, 87 


A note inserted in my manuscri 0 between the two bowls, 
which I have copied and translated below, explains the mode of 
using this balance. 


اذا كان oD‏ الشتكوك فيه فسة خالسة فيعتدل Leds‏ على 1 طرف العو 
८. eel‏ وأذا دن male uw a StS ८) 1 on ae I 3 a Lied‏ الوب 
Lil,‏ اذا لان Lt‏ فتقف عنف ح ما بين ١‏ ب ويكون نبسلا مأ فيه من 
اللغب الى ما فيه من الغصة كنسبة اجراء أح )5( bass Sel ale‏ 
WP‏ فيد | 


When the body in question is pure silver, the bowl containing it will 
be balanced at a, which is the extremity of the beam, and the हः 
where the scale commences. When it is the purest gold, the bow will 
come ns near to the tongue as possible, at 6, When it is mixed, it will 
stop at A, between a १1 ४; and the relation of the gold in the body 
to what it contains of silver will he ns the relation of the eas [of the 
scale} ah to the parts ahd, Let this, then, be kept in mind with regard 
to the matter. 


Hat third balance described by our author is that of ‘Abi: 
afs"Umar Bin ‘Tbrihim ‘al-Khaiyaimi. I do not copy the figure 
of it, because it is in every respect similar to the balance of 
Archimedes, excepting the movable weight, Its application قل‎ 
very sim ५५ A piece of gold is weighed in air, and then in 
water; the same thing is done with a piece of silver; and a 
piece of metal about which one is doub fal whether it is pure 


gold, or silver, or contains both metals at once, is also tried; 
and the comparison of specific gravities thus obtained serves to 
settle the question 3 

peg es in the fifth lecture, he gives 9 1 minute description 
of the | f era att according to ‘Abi-Hatim ‘al-Mnzaffar 
Bin ‘Isma‘il of Isfaziir. He begins by remarking that, the bal- 
ance being an instrument for precision, like astronomical instru- 
ments, such as the astrolabe and the a 'as-safi'ih,? 7 its whole 
workmanship should be carefully attended to. He next de- 
scribes the beam, العود‎ , the front-piece, العريصة‎ , the two cheeks, 
क between which the tongue moves, and the tongue بلأعها1‎ 
८) \, As regards the beam, he advises that it be as long as 
it may, “because length influences the sensibility of the instru- 
ment;” and indicates a length of four bazaar-cubits, or two 
metres, 98 sufficient, He gives to his beam the form of a paral- 
lelopiped, and marks upon its length a division into parts, two 
of which must be equivalent to its breadth. It must be of iron 
or bronze, The tongue has the form of a two-edged blade, one 
cubit in length; but he observes, as in regard to the beam, 




















صو )4 Oi‏ أرشبييدس 
Figure of the Balance of Archimedes,‏ + ٠ب‏ ب 


Bowl forGold. . Movable Weight. Bow] for Silver 
Another balance described by our author is that of Mu- 
1: Bin Zakariyd of Rai. tt 15 distinguished from that of 
“Archimedes: by the introduction of the needle, called by the 
Fabs | Luli, “the tongue,” and by the substitution of a movable 
a ended scale for the movable w geht. The following is an 
‘exact copy of the figure representing 15:3 * ‘igh 


i 





ee 





| بت‎ 
१ ‹ कि + 
a 4 ५ 






cat a । | J 55 —‏ > اناا 
كفنة > .وك النقلة ROD जा way | च.‏ م 2 
‘Bow! for Silver, fixed. Bow! for Gold, morablo; `‏ 
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Substances, Specific Gravities: ف‎ 
2 nee. ما‎ ‘al-Khiizini. ace. to modern authorities. 
Water म Indian Melon, 1.01 
Salt Water, 1.19 saturated solution, 1.205 G, 
Water of Cocumber, 1017 
reg vp, 18-108 
W ine-vinegar, 1.77 Vinegar, 1 3 
ar । 1.72 various kinds, 3009-1 3 
Oil ANS cme 
Olive-oil, ` 0 5317-92 
Cow's Milk, 1.110 1.02-1.041 
Hen's Egg, 1.5 Lo 
Honey, ek 1.4 1-450 
Blood of a Manin ao health, 1.033 1.053 Br. 
Warm Human Ur L018 1011 
Cold 8 bad Le 1.0 


This table shows us that the Arabs conceived much earlier 
than we the idea of drawing up tables of specific pravities, for 
the first re epee n tables of this character are, according to 
Liber (Hist. Philos. des Progrés de la Physique, iv. 113-114), 
due to Brisson, who died in 1506. The first person in Europe 
to occupy himself with determining the ae gravity of liquids 
was Athanasius Kircher, who lived 1602-1680: he attempted 
to attain his purer by means of the laws of the refraction of 
sent After hi the same subject drew the attention of Galileo, 

fersennes, Riccioli, the Academicians of Florence, assembled as 
a learned body in 1657, and finally of the celebrated Boyle, born 
1627. The latter determined the specific gravity of mercury 
by two different methods: the first gave as its result 1 ऊध, or 
13.76, the other 1532, or 13.857; both are less exact than the 
value found by the Arab physicists of the twelfth century. 


I will conclude this analysis by 9 brief description of the dif- 
ferent kinds of balance mentioned in this work; I shall cite the 
text itself but rarely, and only when it contains something 
worthy of special notice. oh ¦ 

श pee first describes a balance which he calls Balance of 
Archimedes, and professes to quote the details respecting its use 
word for word from Menelaus: حكاية الغاط =^ 0 حرفا‎ foe, 
without, however, givin 3 the title of the latter's work. 

In order to ascertain the relation between the weight of go old 
and that of silyer, Archimedes took, according to our author, 
two pieces of the two metals which were of equal weight in alr, 
then immersed the scales in water, and produced an 6 
between them by means of the movable weight: the distance of 
this Bola 2 107 from the centre of the beam gave him the number 
required, 9 find the quantity of & ld and of silver contained 
in an alloy of these two metals, he determined the specific grav- 
ity of the alloy, by weighing it first in air and then in water, 
old compared these two weights with the specific gravities of 
gold and of silver. 
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3 which स ef uently must be at the level of the sea. The mod- 
ern values of the specific gravities are given, for the most 5 
and when not otherwise noted, from Schubarth’s 


physikalischer Tabellen (Berlin: 1849): a few are taken from 
the Annuaire du Bureau des Longitudes, Paris, for 1858 (marked 
from Schumacher’s Tairbuch for 1840 CS) from 

me ००.९८ neyolopedia (Br."), from Hiillstrém, above 
(“HL”), and from Gmelin's Chemistry (G."). The substances 








are arranged in the same order aa they have been given in our 
author's tables. 

= om nec, to ‘al. hiss i ace. to modern auiborities, 
Gold, 19.05 cast, 19.256 195 | 
ae 11.339-11.445 


English abide Hos has. ‘2 
"Clay of Siminja a ais tint ^ 1005266 
8१1. 1, ny श | 
‘Pure Salt, 219 3 20077 
a 105-109 
i 1.065-1.085 
1 104 whit, < 
3 yellow i 
15 Les 1225-1917 e 
| — Shell of M 1 | 
पटी 011 
248 | of क ١ 207 
“M4 Brazil-wood, 1.031 
40 585 
1. in 1. 
905 9316-97 
1041 1.0236; 1.04 8. 









^ ब 179.5 0: م‎ We Aug ee 


11 ee يا ال‎ 
١ 5 । ١ / 


5 Book of the Balance of Wisdom. 58 
silver wire by which ‘Abu-r-Raihiin measured the side of his 
cube, for ५ = 4, or 0009244, or 462 mm. This ne plus ulira 
of the skill of the Arab jewellers will seem to us coarse enough, 
compared with the silver threads obtained by the ingenious pro- 
cess of Wollaston, of which the diameter is only .0U08 mm., or 
gotec of an English inch. But it should not be forgotten that 
it is not long since .006 mm. was regarded as the limit of the 
ductility of gold thread, and ‘that म व the 





imperfect mechanical means which the Arabs had at their dispo- 1 
eal, a metallic wire of a thickness less than half a millimetre a 
was in fact something remarkable. = 


On examining the determinations by the Arabs of specific 
gravities, we see that ey had weighed, in all, fifty substances, 
of which nine were metals, mo recious stones, thirteen mate- 
riala of which models were عه‎ and eighteen liquids, The 
emalinees of the list ought not to surprise us, for most of the 
substances which figure in our modern lists of specific gravities 
were entirely unknown to the Arabs. What is much more sur- 
prising is the exactness of the reaults which they obtained; for 
the coarseness of their means of graduating Mir instruments, 
and the imperfection at that time of the art s-making, ren- 
dered incompara ead more difficult then than now this kind of 
investigation, which, in spite of the immense progress of the 
mechanical a is still regarded as one of the most delicate 
दुम in physical science. It is very remarkable that the 
7 im physicists, who had detected the influence of heat on 
26 لوي‎ of substances, did not notice its effect upon their vol- بي‎ 
ume: at least, the dilatation of bodies by heat is nowhere men- 
tioned by our author; and this circumstance, together with their 
ignorance of the differences of atm oop pherie pressure, introduces 
a 9 of sage rueness into the values which they give 
for specific pravities. comparing, as I have done in t 4 fol- 
lowing table, our author's valuation of specific gravities with that 
obtained by modern science, I shall regard the former as having 
reference to water at the freezing point, and under a pressure of 
760 mm., both as not knowing what else to do, and ag supported 
नः two considerations: first, that we have already noticed 
t es slight difference between the densities given by our author for | 
cold and hot water, and that which is true of water at the freez- > 
ing and boiling points;* secondly, that our author, according to 59 
his own statement, made the greater part of his determinations 
at Jurjiniyab, which, in my opinion, iano other than the modern 
Kuna-Urghenj, a city situated about four णः eographical miles from 
the Eerie pare the Oxus empties into the Sea of Aral, where 
he was able to raise the temperature of water to 100° C., and 


= Bee p. 40. 
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Hence it is-seen that the particular hee vary in either direc- 
tion from this average, to as much as +0.342 gr. and —0,352 BF 
and I accordingly believe that the value of the mithkiil may bi 
taken at 4.5 gr. without fear of any considerable error, | 

4 pting, t oe , 44 grammes as the equivalent of a mithkal, 
‘find that the weight of a cubit cube, .28,605.647 mith- 
(41238,725.41 grammes. In order to compare with this 
eight of a cubic metre of water, it will be necessary to 
» the latter دوا‎ conditions of Gha 1 प ect to 
temperiture, atmospheric pressure, and intensity of the force of 

si de ». Calling m? the weight of the cubic metre of water, and 
cor तः ering only the el rature of the water of ‘Abu-r-Raihin, 
we shall find عد در‎ 998,901 gr., which would be the weight 28 a 















cubic metre of water in Paris at 16°.67 C.ina vacuum. Now, 
according to the experiments of M. Re. 1४ a litre of dry air in 
Paris, at zero of tem (न and under a barometric pressure of 
760 mm., weighs 1.293187 gr.; s:metre, then, will weigh, under 
the game ines itions, 1293.187 gr. The intensity of gravity at 
Paris, 9, 15 9.80595 m.; and at Ghaznah, 34 9.78951 :بده‎ then a’, the 
weight of a cubic metre of dry air at Ghaznah, will equal 991.241 

$ .* Aswe have no means of ascertaining the hygrometric con- 
_ dition of the atmosphere during the experiment of ‘Abu-r-Raihiin, 

‘we are compelled to treat it as if perfectly anys by deducting, 
then, च from m?, we shall render this latter number in all respects 


Gomparable with c*, and we shall ‘have <> -0:1991 and £= 


= 0.505408: ९, then, equals 505.408 نسم‎ a value which dif. 
fors from that which we obtained. by جلا‎ re + the Arab meas- 
urement of a degree with our own, by 14.896 mm., that is to 
‘gay, by about the a thickness of six grains of barley laid 
mal de by side; and I think we may assume, without danger of too 
great an error, c=500 mm. Notwithstanding the hypotheses 
owhich 1 have been compelled to introduce into this calculation 
in order to render Hi practicable, the result obtained by it seems 
tome preferable ما‎ ` derived from ay ae mason of the dimen- 
sions of the earth, for here we can at least form an approximate 
idea of था त of posi Acie while in the other case we 
are deprived of all power ying 9 test, by our ignorance 
“respecting ८७ the degree of ९ व 

1 means of ascertaining the fineness of the 
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| #'The ncctlerating foree of gravity is here calenlated by the formulas وح أو‎ 
(T— 0.002585 coe 2/) | 1 - ~ |, and r= 20,887,538 (1-+ 0.001644 con 2); where 
342, and e=7000 Eng. ft.; and by the formula dma 24" र) fom 
अभ Centigrade. gh 13000117 
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equivalent to 17°.89 Centigrade; and we may, 88 it seems to me, 
with sufficient probability, admit that the water used by ‘Abu-r- 
Raihiin was of a tem pe Neat about 62° Fahrenheit, and that its 
density, accordin g io Tiillstrém, was .999019, considered in refer- 
ence to water at the zero Centigrade, and 9988017 considered in 
Teference to water at ita maximum density. Now we know that 
a cubic metre of distilled water, at 4°.C., weighed at Paris in a 
vacuum, weighs 1,000,000 grammes; if, then, we know the valne 
of the mithkal in grammes, we shall be able to compare the 
metre and the ला. | 

Accordi 18 to the 05, the mithkal is 13 dirhams, the 
dirham 6 diniks, the diinik 2 kirits, the kiraét 2 tassiijs; our 
author, however, males use of a much less complicated mithkal, 
which is composed of 24 tassiijs; if, then, these tassijs are the 
same a8 those of the Kamiis, bis mithkil is equivalent to the 
dirham of the latter. I shall not follow the methods pointed 
out by Oriental authors for determining the weight of the mith- 
kal, for they are all founded upon the weight of 1 graina, 
no notice whatever panes taken of the ध metric condition of 
such grains; but I shall pursue an independent method. 1 
would remark, in advance, that almost nowhere, not even at 
Baghdiid, has the Arnb dominion of the first times of the Khalils 
left مع‎ profound traces as in the Caucasus, where, as in Daghistain, 
स while no one speaks Arabic, correspondence is car- 
0 09 exclusively in that language. Now I have made, by 
order of the Government, and conjointly with M. Moritz, Di- 
rector of the meteorological observatory at Tiflis, a comparison 
of the weights and measures used in the different provinces of 
Transcaucasia, and have found the value of the mitbkil in 





frammes to be as follows: 

In the district of Kutnis, 4.770 grammes, — 
م‎ Thela ५५१ ~ य 6,141.1 
५  8زعطدمأأب‎ च्छो = | 
7 N ky win, 4.500 3 
2 Ordu ध. बी 1 

In the city of Shemakhi, 4704 ५ 
ve emir, ण 

In the district of Baku, 4175 ५ ५ Musslisn” 
a ` a 4.660 “a Provinces. 
`: 
६ “ canton Eresh, 772 = 
8: 
0 
श 15 : {८५७५ 

Average of nineteen yalues, 4.527 grammes. 


en ~ ee ee 
1 = ft i 0 Ld | # 1 11 ١ | 
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total number of dirhams to be 18.44 0 toi ex- 


pressed by him in abujad signs thus: جرغددزوددحا‎ > 
Then he 7 keys himself to find the वट of the treasury 
j ich this treasure should be deposited, and finally cites the 
verses of the poet "Ansari, chief of the poets of the Sultdin Mah- 
व of Ghaznah, which fix the time in which one might spend 
this sum 4 0/1 01.000 years. The verses are ag 
followa: * 
سال بناز أيكارون بب‎ NF غوار سال بملك اندرون بؤى . زان يس‎ LeLe 
و ساععت وار شال‎ INP ماه و مابى صب رار روز:. روزى‎ NF سالى‎ 
"0 king! live a thousand years in power; after that, flourish 
a thousand years in pleasure: be each year a thousand months, 
and each month a hundred thousand days, each day a thousand 
' a a and each hour a thousand years.’ 
ments ४ and mentioned in the Book of the Balance إن‎ 
‘Wisdom, I think it well to pause and review the results arrived 
at by the Arab physicists, and recorded by our author in the 
first part of his work. I will begin by attempting to give a 
little more precision than has been done hitherto to the units of 
measure, as the cubit and the mithkél, 
_ We have seen that the cubic cubit of water weighed by ‘Abu-r- 
Rathiin at Ghaznah weighed 28.605.647 mithkals The eleva- 
tion of Ghaznah, according to Vigne, is 7000 English feet, or 
about 2154 metres, which would cathe © nd to a medium baro- 
metric pressure of 652 millimetres, The temperature of the 
water made use of by 'Abu-r-Raihin in this Capen ent is not 
known to us; but not only have we seen our author state in the 
clearest manner that he was aware that temperature had an in- 
finence upon the density Seba aren we may also see, 1 5 com- 
pari ese the fic avn of liquids spent rt 6 Arabs 
with th व y modern physiciets, that their difference 
between the density of cold and of hot water was 041667, 
while, according to the experiments of Hiillstrém (see Dove's 
20 Repert. १. Physik, rik, 1. 144-145), the difference between the denai- 
ties of water at 3°.9 and at 100° Noite er rade) 15 04044, Wecan 
assume, then, yi ere reat probabilit 0 nat a physicist so experi- 
enced 35 ‘A bu-r-Railvin would not have taken water at its maxi- 
mum summer-heat, but that he would have made his experiments 
either in the autumn, as our author advises, or in the spring. 
The temperature of the rivers in those regions in autumn has 
not, to my त ل‎ been directly determined by any one, but 
the temperature of the Indus, at 24° N. lat., in Febroary, 1838, 
waa measured by Sir A. Burnes (see Burnes’ Cabool, م‎ 807), and 
was found to be, on an average, 64°2 Fahrenheit, which ia 
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This exhausts all the more interesting matter which admits of 
bein g extracted from the work now under analysis. In the sec- 
tion following the last translated, our author sets himself to calen- 
late the quantity of gold which would compose a sphere equal to 
the globe of the earth. He prescribes to himself this task almost 
as a matter of religious obligation, in order to ५५: the ransom 
which, according to the Kurin, the infidels would offer to God 
in vain for the pardon of their sins; for he begins with citing 
the eighty-fifth verse of the third chapter of the Kurin, which 
Teads: ^“ eon ع‎ there will not be accepted as ransom from those 
who were infidels and died infidels ax much gold as would il 
the earth; for them there are severe pains; أ‎ 30 have no 


| rious calcu- 





defender.” We will not follow the author in his 
lations, but will content ourselyes with merely noting some of 
his results, He says that the cubit of the bazaar at Baghdad 18 
twenty-four fingers long, each finger being of the thickness of 
six grains of barley os side by side, The mile contains four 
thousand cubits, and three miles make a farsang. The circum- 
ference of the earth is 20,400 miles, and its diameter is 6493343 
miles. Finally, the number of mithkals of 50 ld capable of fill- 
ing the volume of the globe is, according to him : 
$6,124,618,111,228,181,021,713,101,510. 

For the purpose of comparing these numbers with ours, I will 
observe that the radius of ‘a sphere equal in volume to the 
spheroid ‘of the earth is 6,370,284 metres; this would ne give us 
one mile =1962.048 m., and one cubit = 490.512 millimetres: 
that is to say, if these measures admitted of a rigorous compar- 
son; but Laplace haswery justly observed* that the errors of 
which the geodetical operations of the Arabs were susceptible 
do not allow us to determine the length of the measure which 
¢ علقت‎ use of, for this advantage can only be the result of 
the precision of modern operations. I have endeavored Ae 76.85. 
ure the thickness of six grains of barley placed side by side, and 
in sixty trials I have obtaimed as maximum thickness 17.5 mm., 
न 15 mm., the average of the sixty determinations 
being 15.31 mm.; which would give us for the length of the cubit 
367.44 mm., Bp result ५ inexact, 1 by reason of the want of 
delicacy of the standard by which the valuation was made. We 
shall return to this subject Inter, and shall attempt to find a more 
probable result, such as will show which of the two values قا‎ 
nearer the truth, 

eee the fifth and last chapter of our author's third lecture, he 
takes up the problem of the chiess-board, of which he supposes 

the squares to be filled with dirhams, each square contaming 
twice the number in the preceding. He begins with finding the 


* Exposition du Syxtime du Mondo, بم‎ 395, 6% édition, 1838, 
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Syall & che 5 ماي“ الموضو‎ Moule طسوب" من ذلك عند‎ FF. 

وأول مده المقادي “جهول = Gals‏ فى ---- == هصروب Cis‏ ما ْ 
الذراع الواحد فى .1 وذلك بالطسايج १०१५१०१०‏ فى قسم NS‏ العدد 

ee tA UNS le pe howls Bde‏ ~~~ >= =" ذلك Jat‏ وليس و 


وكسور الطسايم وكم يكون من ,امناء واساتير” لى Sede‏ .وجو ذا 
عدت اوزان الخراع Kl‏ من كل > 








أسهاء الفلرات أساتير 
الختب لا 
[ بع (tint‏ 9 
الاسرف 3 & het i lve‏ 1 
Kani!‏ تلت poten‏ | +| + | 0 
النحاس >+( Luo‏ $ — 
الشبة خيس । >| ट line‏ 
الحديد ثلت 11५‏ لم |> 
। = | [1 „| (>>.‏ 
ever is to the wei 8 ¢ of ite equivalent of water as 2400 ष्णी 5 of that‏ 
metal to the lees nt in] tusetys of + water-cquivalent, put down oppo-‏ 
The first of these proportionals‏ [معجتج ١ site to it in the table [above‏ 
unknown, if the second is multiplied inte the third —] mean, the‏ 2 | 
weight of a volume of water equivalent to [the enbe of] one cubit, which‏ 3 
In tussijs, 696,535, bein multiplied by 2400—and if this [product-]‏ ,38 1 
number is divided by the weight of the] water-e भ of each of‏ 
those metals, the quotient is the weight in tasshjs of a [eubic] eubit of‏ 

that cre | 3 ; 

Tt will do no harm to put down, opposite ite to each metal, the weight 
of [a cube of] the measured त्वा 1 f, in mithkAls, tassiijs, and 
fractions of tassijs, and the number of manns and ‘istirs which that 

^ amounts to, Ina table, as follows + 

4 Numbers for the Weights of the measured Cubit of all Metals23 

7 Names of Metals | Mithkils, وزتاسهه !ا‎ | Fractions.) Manne ४ 
Gold, 544,800 11 } | 2003 a1 1+4 
‘Mercury. 887873 | 4 | ‡ | 2131 6 | {+} 
Leud. $29,837 | 12 t 177 14 | 
Silver. 294,650 | 10 अ | 1618 | 38 i 

Copper. 247,848) 18 | 2 | 15861 | 3] +3 

ae 2914698 | 1 | fia | 1216 | ॐ | ई 
Tin. 208,d09 14 3 । 1150 | 9 1 

Ps 
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مكاعيب BY.‏ الذراع بعدد هذه Mill‏ ونثاقيليا 1.01 وذلى 4( 
اردنا ily‏ 
الفضبل الثانى 
فى معرفاذ de‏ أوزان peel eI A‏ من BEE‏ 

=" حصول Oe‏ الاصل يعود الى اصل آخر وثو تفاضل ما بين SUBST‏ 
اللنساويلة GOD‏ المختلفة الاجناس Beds‏ النسب التى بين الفلزات 4 ~ 
قل ذكرنا فى الباب الاول من هذه المقالة انه يسير ها نسب الاثقال المنساوية 
4 الوزن من البياه معلوما وتكون نسبة وزن الماء الاقل الى ودين الماء 
الاكثر كنسبة وزن فى اماء الاكثر الى وزن ذى الماء الاقل فان ~ 
التكافى لازم um‏ أوزان الاثقال وبين انواع مسايج اجسامها وامتدادما By‏ 
موضوعة = اصل (0५‏ ونقول اذا كان وزن مثاقيل ماه مكعب الذراع 
البكسر Hate‏ يتبعها خيسة عشر طسوجا وثلث وخيس وكان كل مأ 
وأثنين وثمانين مثقالا منا من مأيتين"" وستتين درثا كانت امناء الذراع المكسر 
من الماء مأ وسبعة وخيسين منا وسنة اساتير ونصف وربع Hey‏ ومعلوم 


HAI Male أن قدر وزن الذراع الواحد المكس, من أى فلو كان عند وزن‎ 
छदना 515507115 
Knowledge of Numbers for the (4४ of the measured Cubit of all 
ह 


The principle last considered having been made out, we turn to an- 
other, which is a difference Gaels t] between heavy bodies of like 
masses, but differing in kind, by virtue of relations subsisting between 
metals in respect to volumes. We have already stated, in the first ‘apes 
ter of this lecture, that whatever eat be the relation between heavy 
bodies alike [in volume], as to [absolnte] weight, is known from their 
water-equivalents; and that the relation of the mois rht of the less water- 
es pidge to the weight of the gate ter water-cquivalont is as the relation 

(the weight of that body of which the greater quantity of water 1s the 
equivalent to the weight of that body of which the lees quan 98 of water 
is the equivalent. Consequently there must be an inverse. relation be- 
tween the [absolute] weights of heayy bodies and the dimensions ها‎ 
feng, : brea th, and height, of those water-equivalents put down. 

| = for a second principle. Since the weight of a volume of water 
equivalent to the cube of the measured cubit is 26,005 mithkals, together 
with 15 tusstija च and 1, and since 182 पणता make a mann (oue 
mann bein - taps d at 260 dirhams), [a cube ०1 measured cubit of 
water weighs 157 manna, 6 As عو‎ ५०५१ ‡ उत्‌ + It is also known 
that the weight of the [oube of the] measured cubit of any metal what- 
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بقية تأنية كانت تسع الصلع علوم ان =© قد انقسم خيسة واربعين 
1 التئ فى فصل الخراع على الاربعة الاضلاع كانيت من اجراء 
الضلع لدمسة والاربعين تسعة"" والبقية الثانية من الضلع من خمسة Shah‏ 
البققية Lal Re ca २.५‏ تسع السلع Ret‏ الذراع من DF‏ المذكورة 
الف litt,‏ وثمابون وجران بن Kine‏ واربعين للواحد وذلك مصروب" فى 
خيسة واربعين مرق قيصير خيوط خبس واربعين MATE SES‏ ومكعب 


خيوط الضلع التى FOND‏ يكون WRIT‏ ونلسايج مايه 110 فقن 
ls‏ أن خيوط الخراع Salt. laf‏ .>+ = توالت مجعبيا 
ا + فاذا ضرينا فى سايم axl!‏ النحاسى ened,‏ المبلغ 
على كوآالتك Le‏ اليتعب ha = ~~ ह‏ الذراع Talos‏ = مخ 
تلت وخيس'" 138 lined‏ على اربعة وعشرين ارتفعن الى المثاقيل فكانت 
.4م ويبقى من الطسايم خمسة عشم" وثلث وخيس وذلك >( ४.5‏ 
مكعب Ls, pleut‏ الكسر قيد يكون 3 تلثمأة oss (<> 4 hon‏ 


of the A shortened] was therefore understood to be divided 
into forty-fifth parts, of whic a the first remainder, the excess of > cubit 
sbove four times that length, made nine forty-fifths, and the second 
remainder of that length, (of whieh the first remainder was one-tifth,) 
made five forty-fifths, which is the same as oneninth of that length. 
Consequently a cubit would take in 10624. of the mentioned diameters 
of the thread: which pees multiplied "y 45, 48,092 is produced as the 
[number of | diameters of the thread to forty-five enbits, 
~~ The cube of the pastes of] diameters in the [shortened Jen 5 h of a] 
side, namely, 259, is 17,373,979: and the weight of water of the same 
rolume is 9415 tussfijs. Butwe have said that the number of diame- 
ters of the thread toa culit wns [found to 5 م1082‎ of which the 
cube is 273,050, 180,608 467 --00 > == 216,000 + ` then, if we multi- 
ply cle शपा | by the [number of] tasstijs of [water contained within 
the brazen enbe, and divide the product by the leant power of [the 
sumber of dinmeters of the thread held within the length of an inner 
side of | this cube, the quotient is the [weight in] tassijs of a [cubic] eubit 
0 water, namely, 086,335 and about रै and + more.” If we divide this 
pert by: 24, the result is in mithkils, of which there are 28,605, with 
a remainder of 15 tasshjs and } and 2. That is tho ib ht of a cubic 
cubit of water. The fractions in this sum are consolidated [by multiply- 
ing it it] ae 760; which gives [the weight ५५८ three hundred and sixty 
cubits cub क water, Sepp مم‎ Dag mithkils, to 10,298,033, 
This is what we wished to explain,22 
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فى مقباس ~ واعتبار ذراع ~ من الماء والفلوات ومقدار ملاء =( 
Les‏ ومو يشتبل على ثلاثة فصول 
الغصل الاول 
فى مقياس الماء لخصيل نسب الاثقال لتقدي )~~~ ~+ 
pl‏ أبو ghey‏ بعل مكعب بحاس على LE‏ ما امكن من Bly Rall‏ 
فى وجهه عند راويتين ate‏ على التقابل ليكون Leet‏ لصب lll‏ فيه 
والاخر ae‏ الهواء acs‏ ووزنه بالطيار نارغا cle FNS‏ الانهار العذب 
مساحة ضلع اليتعب وعدل الى خيط Kes‏ خالسة قد بلغ Lee‏ الى 
ان صار كل 4 مثاقيل Rey!‏ حشر ذراعا من ذراع ASH‏ فى أسواقها 
وكآن ما وسعه من البلوى مآيتان Keay‏ وخمسونى خيطا واما الصلع فقد 


Cuarrek Fovnrrii. 
Device for Measuring Water, Comparison between a Cubic Cubit of Water 
and the same of the Metals, and Quantity of Gold sufficient to fill the 
Secrom Frust. 
Dewice jor Measuring Water, in order to the Determination of Relations 
between Heary Bodies, on Premises of Superficial Mensuration, 
'‘Abu-r-Raihin ordered a cube of brass 5 made, with as much 
exactness as possible, and that it should be bored on its face, at two 
opposite angles, with two holes, one for pouring water into It, and the 
other for 1 3 escape of air from it; and he weighed it in the aye mg 
balance, first oes! and hollow, then filled with fresh river-water 0 the 
city of Ghamah - and] 302 mithkils and } and 4 of a mithkal [proved 
to be the weight of that water which it would contain]. ديا‎ HOW, 
to get the superficial measure of one प side of the cube, Mee 
recourse to a thread of १५.२५ silver, مه‎ finely drawn that to every three 
mithkils [of its weight] there was त th of fourteen of the cloth-cubite 


tised in thing tar He trimmed off from the length of a side [of 


the cube] the thickness of two of its opposite surfaces, and wound the 
thread around the remainder; and what this would bold of the thread 
wound around it, was 259 diameters. Now, the [length of a] side of 
the cube year 1 go into 8 eubit four times, with 9 re- 
mainder which would go five times into that length, leaving a gecond | 
remainder which was one-ninth of that length. The [length 1 >] side 
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ب‎ IFAF 3 
a rire 3 
ب‎ ie ky,’ 3 
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॥*4५ ee 16. 3 == ألياء‎ 
00 = Hoa dol 
a: Sins 174 الى‎ cle 
111 إن‎ o>! as اليندى 1 ا‎ Sub ماء‎ 
itt. ५१2 الانسال..‎ ale THR eam) ماع‎ 
irre Se ابول النش‎ TY Galt saat ماء‎ 
ire. الناسس البارت‎ dea} tee pele 
[TARLE كمه‎ } 
Names. ABE नतर | Reduction to Tassdjs, i ण 
sat A 1 01 0 ¢ 1464 8, 
Black Ebony 88. | ॐ. | 0 2124 ^ 
earl-shell. 4) 2 0 005 3 
oe “wood. | 106 2 0 2552 fl. 
Willow-wood. 248 0 3 5055 ५५ 





Sacrion Srooxn, 


Anowled ge of Weights of Liquids ina Vessel which holds treelve hundred 
of any measure] of Sweet Water 


४: لذ‎ Weights. Names, | Weights, 
Sweet Water. 1200 |Wine. | 1227 
Hot Water. 1150 (Oil of Sesame. 1008 
Tee. 1168 Olive-cil 1104 
(>> 1 1249 |\Cow's | । 1359 
Water of Indian : 1218 |Hen’s ` 1249 
Salt Water. 1361 |Honey. 1687 
Water of Cucumber 1221 |Blood of a Man in godd health) 1240 
Water of Common Melon. 1236 (Warm Human 1 1229 
Wine-vinegar 1232 (णव ५ 12:30 
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والكيربا واعواد الاشجار المعروفة Le‏ ~ القوالب + التى تصوغبا 
الضاغة او غيرعم فى ساير 1 ole sally‏ اثبتناها ومياعبا” ووزتها 3 
جدولين فليقس من الجدول مايه ومن الماء مقدار الغلز المطلوب وماعنا" 
Jit +=‏ ولكل واحى 3 4 وغ و يشميل على geht‏ " | 
الفصل الأول ٠‏ 

فى معرفة اوزان del‏ القوالب SI‏ كان وزن Sle‏ مثقال اخرج عن" الماء 
ne | = |‏ - للسايم ~~~ F‏ لاسب dei,‏ 





الحلين (८1 hel‏ ` اننبا = (Pea‏ ب 
म | aes! oul‏ 3 )= ظ ور ب 
sesame‏ | =( | 1 3 1147 ¬“ 
प्क =: +:‏ | امس >( 
b Fa $‏ 

६‏ | 5 & | 1 ب 

| صو | ١‏ ^ | ,11( ب 





Cuarres Turan. 

Observation of Other Things than Metals and Precious Stones. 
oe are [now] led to [consider] the proportionate weights of wax, 
nich, resin, pure clay, enamel, amber, and woods of well known trees 
—heing the materials of models and patterns formed b 7 goldsmiths, or 
others practising their art—for the sake of any one who may wish to 
cast an bt bangin weight of some metal, after the goldsmith has Pe 
pared, by his art, a ५१ of | known [material and ४ : [तद 
also the proportionate weights of other substances necessarily or option- 
ally made use off We have set 0 all eins न क their 
Water-cquivalents, and their wei eights [in equivalent volumes], in two 
tables. Let, then, the 1 न by the [proper] 
table, and by that let the proportion of inetal sought for be determined 

Here may be diversity of opinion—to every one his own! 
Knowledge धु (1.0.181. 11. 1 9 Materials of Models, 

when the Weight obtained out of the Water isa Hundred Mithkdls. 





Names 5 i 1 | Redaction to Tassije. Stns Sy. 
Clay of Siminjin. 9 0 1208 5 
Pure 91४ ॐ 2 1004 = 
Satine Earth, 1 | 0 2164 5 
Sandarach. “4 9 “#978 0. 
Amber. | ¢ |. © 2842 8 
Enarnel. 2 3 910 بك‎ 
Pitch. ae eae 2810 ` ५ 
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--- ومصبة على ace‏ ته ومابه معريوف لا (ज.‏ وذلك فى اوايل فصل 
لشريف من السنة وسواء كان شريبا او شروبا فليس يحانا ما.دام العل على 

५ ace Aol.‏ من اى Rag,‏ شينا غير الماء بل لوعيلنا mum‏ فى ماع 
عذب ५‏ قى ماء ~ نغفل تعديل SLD‏ بينهبا وذلك ما أردنا 
أن ~+ 

الباب :< 

لنبتدى الى القدار الذى تطلبه لمن Os‏ سبك مثله من بعض 
اذا slo‏ الصايغ مثالا مبولا من الشمع والقيم والعلك والدلين شر والمينا 
at its outlet upon the little sea of Khuwarazm,* the water of which‏ 
nver t well known, of no doubtful quality; and [all our operations‏ 


hare been ४ early in the autumnal season of the year. The 
water رمم‎ be such as men drink or such as beasts drink, not being 


, fresh :f either will answer our purpose, so long aa we continue to make 


use of one and the same sort. Or we may use any liquid whatever. 

though pee from water in its constitution, under the same fimita- 

tion, If, on the other hand, we operate sometimes with water which 

is fresh and sometimes with that which is brackish, we may not neglect 

to balance between the conditions of the two ¦ 
This is what we wished to specify 


ee ` 
ॐ ऋष्य ब्त = سه‎ 
عه ليدم لاد‎ 





This is Fears atic 1‏ "د 
caer peal y that, already at the commencement of the twelfth‏ 


pti into the Caspian, but into the 
Ehuwararm, that is, into the Sea of Aral 18 order to "14 





the Jaihin, this author says Se eile += (> 8 قر يب على مدن كثب‎ 





ef مةئ‎ == ध [+ حخوارزم‎ 8 ( ज 3" 3 its “it [the 
Jaihdn many cities, ontil it reaches : 
| hl عمس‎ by it, because all others rise high out of ite wane eon 


it descends from wirazm न्व called nae 


र اجا‎ on three الخ كلك‎ journey प्रत्ता." Se. el-Carwini's 


Witstenfeld, 1* Th, 177,19 
{The Tidpdn, 8 commentary on هنذا‎ Kéowiis thos defines the two terma تيبب‎ 
تشريه‎ ५3 الشرورة‎ dis الناس آلآ‎ > ands Big Ae لبس فيه‎ =) DEY. 
عله }= البهايم‎ कन مز‎ that which ls not fresh, and ia drunk by men لز‎ 


as it ia; and that called shard 4 Water not not drink except 
from necessity, bat which is drunk by beas fresh, which men do not drink except 








ॐ ॥ ऋ त 


a 8&6 
١ 


[ 
4 
| 


~+ 
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بالئراب لا خلو ge RN‏ الهواء والياقوت الاحير عند التقاطه لا يكون 
بهذا الاشراى ف oy oll‏ حتى تصفيه النار بالايقاد عليه ومهبا كان فيد ASP‏ 
رض stills‏ عند الاحباع अ‏ لوم Jel, ae‏ ينقبونه بالالماس جذاء 
كل نفاخة وطين تطريقا ^ ap‏ من حيبت لا ३‏ ومنعا أيأه عن 
RH‏ السطع oN!‏ جانعه بالعنف والشف ومتى ثر تخل تلك البطون 
أو ضاقت عى أن ييخليا الباء die‏ ------ له فى RL‏ 15( ما يحرج eal‏ 
elt‏ غير ae all>‏ بل at Ld‏ وبين تلك ays‏ المتخللهة وكذلك 
Sal‏ قانه اذ! 1 شعب كيع روية او بدليا من غيره وامكن أن يبقى 
غناك poles‏ خالية وعرتم منع عن أن ينقص بذلك كبنه ومن الواجب 
على من طالع ما ذكرناه وعملنا بالماء:ان .لا يتشكك فئ al‏ المياه المعروف 
لتى اتغير حالها من Rem‏ المناقيع والمسايل والمنافع ويطرء Gale‏ من اختلاف 
طبايع الفصول الاربعة فيشببيا حال البواء فيا لانا ل potas‏ جميع ما 
اعتبرنه الا فى بقعذ واحدة #4 جرجانية aja‏ الوشيعة على مغيض نير 





specimens of this speciea Lave bubbles within, full of air, or, being 
mixed with earthy matter, are not without air on that account, Nor is 
the red hyacinth so splendid in color when first عم‎ , until fire, 
kindled upon it, has purified it; and, as it becomes hot, whenever there 
is alr in the gem, it swells and is puffed up, and bursts, in order to the 
yea Lot the air]. People, therefore, bore into this gem by means 
of the diamond, opposite to every bubble or particle of dirt, to make 
way for the air, that it may éseape without injuring the gem, and to 

revent ه‎ violent and rupturing resistance to expansion. When such 
> rings are not made, or are too small to allow of water entering into 
them, on our immersing the gem in the [conical] instrument, the quan- 
tty Bes water displaced is not precisely in accordance with the ary ا‎ 
of the gem, but, on the contrary, is as thnt and the नज air- 
bubbles together determine. In like manner, when the emerald is 
broken, Pout cn, pear within, or, in their place, aome foreign matter is 
found. Possibly, pty cavities always exist in this mineral, ut its 
. ee any diminution of its price on that account. 

"١ hoever looks into our statements, and fixes his sttention upon our 
employment of water, must be in no doubt/as to well-known particulars 
يوسو‎ ins Roe in their condition कः to 3 reser: 
VOUS OF Bir धिव 1 whi h th come, and their uses, and are changed 
in their qualities by the four seasons, so that one finds in them a the ¦ 
ness to the state of the airin those several seasons, We eee 
po  comparisons 15 one single corner of the earth, namely, in Jurjint pal | 
[= city] of Khuwarazm, situated where the river of Balkh becomes 101, 
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الفصل الوايع 
فى الوصية.والاشارة الى WN GNESI‏ 
ولبس الاعتباد. على de lsc > ais‏ الاجساد الذابية فان 
غلم te‏ الطرى FS‏ يستوى وضع اجرايها ويفارقها من الهواء ما 4 
क~‏ البواطقف والتراب'» ثلا حلم Le Li‏ فى =+ الاحجار الا أن تشيف 
ويرى ما ورايها فلا جخفى Datu‏ ( في بحلونها ==( ان 1 قايم (न‏ 
قلى فى خفة الياقوت الاحير وتتخلفد,فى الوزن عن الاكهب كان أكيبه 
nu = duel,‏ ~~ > يشوبء is‏ من ell‏ او الهواء'* او sat‏ >-< فى 
احم jel‏ مجودا ذان اكثره يكون ذا نغاخات فى وسطه علوعة الهواء'/ وخعلط 


[TABLE مدب وت‎ 
Names of Preciogs 





Fine Pearl. 


1461 


One thousand. four 
hundred and forty. 

One thousand | 
| hundred and thirty- 


1440 





1436 


There is not the same assurance to he obtained 7 ) 
क stones as १५८९ regard to fusible bodies, For ie i न — 
كاك‎ beaten, until : parts lie even, which क tls the air that ines 
hay > र them in cracibles, and separates them from éarthy mat- = 
ny و‎ alas Wwe ५५४: यु is in the interior of व 

7 are transparent, and can be seen Bush (for, in that case, what- 


the Hen lightness of the red hyacinth, and the diferente <a: n weigh 

it and the dusky species, For, both the dusky and the Sollee eee 
very bard, pew matter, or air, or any thing else, ming mee 
them; which is y the case in respect to the red, inasmuch sm uc ماسح‎ er 


[ee ee क ل‎ 
١ ध . 


a 0 =‏ . اا م 


ومع 
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جدول الاوزان SLY alt‏ مثقال Rilo‏ زاده الخارئئ 






ٍ شْ 


| a وأربعمأة‎ 


iy 
الف واربعياة‎ 


प म 






६ 
والبلور‎ ट 
| ९५1 cee 


Table of Water-weights toa Hundred Mithkdls in Air 
added by ‘al-Ahdzini. 
Reduction to Tasstija. 


Names of Tasetijs in 
Stores, Numerals, 


वि 

Red H Cme thousand seven| 1776 
ed Hyacinth. hundred and seven- 

[Ru ty ~aix, 
uby] of 8 thousand seven| 1730 

ध, hundred and thirty, | 
Emerald One thousand five) 15 
mera hundred and twenty- 


eight. 
One thousand five} 1508 


فق .ب Bie‏ 
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الفضل .الثالتك 
فى نسب الاوزارقع الهوايى الى tl‏ 
رجعنا الى الماء والميزان العدل ^ معرفة المقذار الى (०‏ 
به وزن كل न्‌ (न Ooty‏ الاختلفة فى الماء والهواء اذ! iS‏ الكفة 
التى فيها الجوقر فى ألباء = قتونه فيه Sip er‏ فى الهواء ففى 
ذلك الوزن عناء شدي لمعرقة الجواعر الحقيقينة وتفيزعا من الملوتلة وابو 
lett‏ اعرض عن ذكزه ويسهل كبته ميا ذكره فى الفصل الاول من هذا 
الباب وعو آنا نأخف oye‏ مايه البذكور لكل Dem‏ وتنقصه آبدا من tle‏ 
مثقال وزته الهواى 1 IS‏ فى Wo‏ الجدول 


and seventy-four, 
| One thousand five hundred 
| ١ and fifty-four, 
(ne thousand five = 
and forty-nine. 
One thousand five hundred 
। and fifteen, 
One thousand five hundred 





Htelations of Air-weights to Water-weights. 

‘We resort again to water and the just balance, and propose thereby 
to ascertain the measure of the difference between the weight of any 
one of the several precious stones in water and its weight in air. When 
the bowl containing the precious stone is once in the water, that is 
enough— you thus get its ct th in Water, after having weighed it in 
air. This is « great help to a knowledge of what are gennine precious 
stones, and to their ake one ea. ae from those [artificially] colored, 
‘Aba-t-Raihin does not speak of this matter, but at the same time his 
statement given in the first section of this chapter facilitates the settle 
ment of it; that isto say, we may take the weight of its water-equivalent 

stated, for each precious stone, and subtract it cones from‏ لمق 
the hundred mithkAls constituting its air-weight, and the re inder will‏ 
be its water-weight. |‏ 
Now we have set down these water-weights in the following table‏ 


هن 


Na 


SOS ee, ee ررد‎ =) ee ري‎ 
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جدول اوزان الجوام اليتساوية العظم 


Lot = [SASL 111 3 
| ost sh | 1;*॥ 
١ | 1 





الياقوت الغان واريعماة ار 
الياقوت + الغان وثلثمأة Pb‏ , ببرسرم 
اللعل الغان biel = las‏ 
Wa > 1 थ‏ 
اللازورد ام ०93 ४ Call]‏ | .“| 
اللولو म‏ تاربع love‏ 
العقيف | 15७‏ 
البسق >+ 9४‏ 194 
: جوع والبلور 3 1५16 a?‏ 
ise >>)‏ | ألف وخيسهاة .: fo.‏ 


2400 






2431 


१०. thousand one يدري -مسط‎ 
dred and seventy-one. | ` ` 


1668 
1639 














= - 35 : च कीः * 1 4 |. । च 
1 ١ : 5-5 , 2 P 
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قى دسب الاوزان للجواع المتساوية pit‏ 
وحسب ما تقدّم من استتخراب الاوزان المنساوية لقث فى الفلزات يبل 
alte‏ فى للواعر المتساوية الحجم على ان Aly BS‏ منها مساوية 
Noite‏ قرض له MAS Gola‏ الاربعة المتناسبة كبا فى the‏ للدول ١+‏ 
Table of Weights of the Water-equivalents of Precious Stones,‏ 





mipposing all the Weights in Air to be ao Hundred Afithkals, 
Namen of Precious 2 of Water-equiv- Water-equivalents re- Tassie in 


1 h nnd 
twenty-four. 
Six hundred and sev- 





4114 । 6970 
| Eight hundred and go 
seventy-two, 75 






Eight hundred | 
‘the -two. 
1.2 hundred and 


= 9 


| 137+ 200 
1 Nine hundred and 04 


Relations between Weights of Precious Stones alike in Volume, 


chek way of correspondence with the computation already given of the 
weir of equal masses of metals, a similar estimate is [here] furnished 
relative 34: precious stones of like volume, supposing that each वी 
1 مامتا‎ 


5 


eae ed may may be a to مل‎ so, through the properties of four minit- 


श 








a ee ee = 


= = = क زنات‎ = ॥ 
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Segall os peed وان‎ olay أإيضا‎ hse Gaull السلاسن‎ A> انح‎ 


pS ومتقوب كلد‎ Pa) cr أغلظط‎ saat a> التحرى ولد‎ -- ll 


ay‏ أعتبر»ه RI‏ أستيال الناس اياه على الى سمعت che‏ أن (न‏ اذا 
قلع A eal of‏ يحبر بعد uh‏ بملاقاة الهواء اياه وقد ضينا غذا 
الحجدول 


جدول وزن مياه الجواعر على اى وزن كل Bs‏ مثقال موابية 





Coral. This is a t, th petrified, like the Jews’ 5100815 and 
the sea-crab,"7 Thetis A مسا‎ of it, coarser than the red, per 
forated throughont, and divided; which I have. not eet a i ` 
mon use it but. little, and also because 1 have heard speak قم‎ if t 
were white when torn off, and became red by exposure to the air. 

We have put together the following table. 


ToL. Vi. 












Khanikoj, 48‏ 
الناصع اللون ويصف WP‏ بالوبرجد ` الرايع. العقيف: g seul‏ واللازورد 
والبلور والؤفجاج وان ل يكن معدنيا بل مشتركا من ]9 رمل او قلى 
alld‏ ,من NST BRP capi न EAE, lll Ltt‏ كالدهدم 
9 ~ وللست. واشياعيا له ييتعنا عن الدقنم_الاقلة وجوده, بقناء 
معدنه وعى الفيروزج غير اختلاطه داعا ما ليس.من نوعه من داخله Big‏ 
هذا الحرب من LEW‏ غير حظى cm‏ الثمن سوى ण‏ اذى ذه 
Baa‏ وكذلك ما يتفف فيه صورة حيوان اء شكل تجيب وقد مل الناس 


ॐ.०{ ॐ العامغ فوع‎ (5) १ wails لعقيف =( لا يستيل فين خسوصسر‎ Find ts 


+ بشبب الصبغ والنقائن الكاين من انواعه " PSD‏ 
اللولو ليس اللولو من >= Lely SLE‏ موعظم حيوان وغير متشابه الاجزاء 


=+" =( وما اختلف على ثى من الاشياء المقدمة اختلاف المياه 


لشارجة SUL‏ والؤيادات والنقصانات النى ध‏ الصغار منها والكبار 


“4. Cornelian, Onyx, Lapis Lazuli, Crystal, und दः (this last —al- 
though it is not te. Bro roduct of a mine, but, on the contrary, kindred to 


_-stones, or sand, or alkali—becanse it resembles erystal, for which reason 


we have submitted it to comparison), and precious stones similar to 
these, such as Malachite, Turquoise, Amethyst, and the like, The mala- 
chite [itself], on account of the rarity of its occurrence, from there being 
no mine of 11 now known, 1178 been unobtainable: so, too, the turquoise, 





Which, besides, always has within it a mingling of foreign matter, This 
whole class of stones is not highly prized rego 


excepting the val अ, for a 


certain value is attached to specimens of this mineral marked with 





ox-hoof circles,** and likewise to those in which there ite to be 
presented the form of an animal, or some strange shape ١ have 
long tired of the cornelian, so that it has @eased {5 be used fs 9 


stone for seal-rings, even for the hands of common people, to sq 
` nothing of the great. The lapia lazuli is employed om account of the 


oe Be 5 jon of its several species, 


١ 5. The Fine Pearl. The pearl is not a stone at all, but only the bone 
of ati animal, and not homogeneous in its parts. Yet I associate it with 





‘the hyacinth for its beanty, as ae join therewith the emerald both for its 





and its rarity. It therefore comes in here with عه‎ good reason 


24 they do. त there is no soch differen 


ce of o inion respecti cting 
the wminerals which have been mentioned, as exists tn repand to the 
wnter-equivalents obtained in the case of pearls; nor have the acées- 
| as ihe ag amall ५.२ ميف‎ Sites recorded وح‎ point 

on which there is diversity, What 1 shall stato, as to the t arl, 
fick are large, full, and rounded. ` + Silke 





sions or ॥ 


_ applies to those w 











5 


ne कि गन eee ee ea 5 ` 
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bed oto!‏ .ثم dose‏ ححمارا .ثم فرسا شم قردا وسار بعف ذلك انسانا 
وقوجوا مثله فى أتواع الياقوت”* فرعبوا اند يكرن ابيصن )3 تم يسود 
A>, ieee‏ لم Mint, mh; । as cr pe lees‏ مغل ما is techn‏ 
Lend 3 pal hens‏ الثانى اللعل whys ११.८.11‏ م duos‏ لي من 
sol‏ ما أعرف ५5‏ بينه وبين احيره LT‏ المعروف 5( ie‏ 
SIG‏ الزمرى deat,‏ عذان glel‏ مترادقان اما على موضوع وأحد 
de Lil‏ موضوعين pons do!‏ واسم Sead‏ مو الاعم FB‏ ,شاعدت من 
يوقعه حلى ما دون السلقى او الرجانى المشبع لقصرة الكامل الشفاف 
[other metallic] bodies, so that its gold-nature was originally lead, after-‏ 
Wards bean th then brass, ‘Hei silver and finally reached the per-‏ 
fection of gold; not knowing that the natural philosophers mean, in‏ 
saying so, only something like what they mean when they speak of man,‏ 


anid attribute to him a completeness and equilibrium in nature and con- 
stitution—not that man was onee a bull, and was changed into an ass, 


and afterwards into a eg aap SK Ny Si €» and finally be- 
came man. The common people have the same false notion, also, in 


regard to the species of hyacinth, and pretend that it is first white, 
afterwards becomes black, then dusky, then yellow, and at Inst be- 
comes red, whereupon it has reached perfection; althongh they have 
not seen these spools together in any one mine, Moreover, they 
opine the red UP bai acinth to be perfect in weight and specific gravity 
as they have found gold to be; whereas we have ascertained that the 
celestial species [sapphire]!2 and the white 8 diamond] exceed the red 
in gravity. Of the yellow 1 never Happened to have a piece sufficiently 
1 age to be submitted*to the same reliable comparisons already made 
" “with other species. at 
2. os 9 Badakishin. 1 er bi rena never obtain ates 
# piece of the yellow ies of this gem that 1 could distinguish it 
from the choice red, called piydsakt, that is, the bulb-like. | 
3. Emerald and Chrysolite. These names الزمرة]‎ and “>~; [ 
are interchangeable, whether applied to one and the same thing, or 
to two thi ne of which one has no real existence; and the name of 
emerald is the more common, I have, however, seen > person w 
gave Fs name of emerald to all varieties of the mineral a il the 
beet-like, or baail-like,!¢ which has an equally diffused green hne, and 
is perfect, transparent, and pure in color; and who denominated. the 
latter chrysolite, ب‎ 





03 ال‎ की 


४‏ ايدى التيويه كما يتناول الغلزات بل اكثر وابلغ لقلة اعتياد الاعين 
اياغا وعماعا عى الاعتداء لاختيارعا قلا يخلو احد ى بلك عن مشاعدة 
درام ولا تتجارة عى غارسة الدنائر 5 ABS‏ على عدت pour‏ 
il atin (3‏ لها علئ النوام قمن الواجب حلينا ان تنيت Fp‏ 
مكل Gaga le‏ للفلزات ان شاء الله تعالى ايم 
القصل الاول 
فى ذكر ما خضل لنا فى Oy न‏ 
ded,‏ ألا ما مقع به الاعتتبار 3 نتلية بالمقادير الى Seem‏ فالاول 
البواقيت أن العامة اذا -بعوا من الطبيعيين فى الذهب اته اعدل الاجسات 


ale als,‏ النصح فى غناية ता‏ قى الاعتدال اعتقنوا كيد انه متدرج اليهلا 


ثم Lol‏ ثم فصة ثم بلع الهال oF)‏ ول leaker‏ انيم 4 يعنو بذلك الا 
مثل ما عنى فى الانسان ووضفه بالكبال والاعتذال فى الطباع RAD‏ من غير 


the unknown. For I am interested in the subject of which we are in- 


vestigating the rudiments, and endeavoring to get at the main शा pports, 
and to tread upon the foundations, on account of the counterfeitings of 
those who put in circulation vitinted and spoiled money, and practice 


‘adulteration in the ee Idsmith's art. But precious stones are counter 
feited as well as metals, nay, oftener and more successfully, because the 


| he is little accustomed to them, and wants the guidance of habit in the 
choice of them; while, on the other hand, no one in any city fails to 
see dirhams, and no trading is possible without the handling of تملك‎ 
The possestors of precions stones and jewelry are few in number Aone 

men, while those who make use of metals are ever to be found. We 
must, therefore, treat of precious stones as we have treated of metals, if 


the Supreme God so wills, 
Statement of the Remults which we have obtained, by the [Conical] Inatre- 
| ment, in respect to Precious Stones. 


` We will first enumerate the precious stones which have been com- 


re ع‎ and afterwards exhibit their proportions [of weight], as proved 





phers that gold is the most equal of bodies, and the one which has 
Paained to perfection of maturity, at the goal of completeness, in = 
spect to equilibrium, they firmly believe that it is something which has 
gradually come to that perfection by passing through the forms of all 


| ॥ अ yacinthe, “When the common people hear from natural philoso. 
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ايدى GLI‏ > جهلوا الان أعيائها ويظهر فى ile;‏ بع رمان مالا يعرف 
حتى :يعرف مثل هذا + الاحجبر البدخشانى الذى 9 رخاوته BS,‏ 
بقاء الماء فى apes‏ لقصل الياقوت قئ aie‏ وليس 'يقديم gall‏ وأنها 
انشقف Ne ale‏ فظهر من alt‏ كالبيضات المنضودة فى مواضع اككور 
النار il‏ بعصيا فاشرقت 9 من حتها وعثر عليع الصناع eee‏ 
وم ape Mey all Ices‏ وجلايه ज‏ التجارب الى الجر المعروف 
من جيذ" الشبيه لونا بالبرقشيشا الذعباى وتم بد امرعم واظرقٍ البعدن 
ويمكن ان يظهر فيما يستانف من الزمان من UA ee‏ وقرار الانهار 
وقعور الجار واضعاف الارصض she‏ ذابية وغير ذابية غير ما نعرفه ان 
ولكنا لا نبيع قيها النقد Gal‏ ولا نعرص عن معلوم يسيب dex"‏ لان 
الغى Gee Wok}‏ فى allel‏ وسعبنا hae‏ الاثم وتوطية مقدمائه منتد 
على تخاليط (ed‏ العيب والغساد فئ النقود والصوغ, منها nay‏ يتناول 


pellicles, doubling onewpon another, like the coats of an onion, its bein 
reduced by # ashes or rotten bone, and its change of color from the 
action د‎ it of medicine or perfume, or other like causes of deteriora- 
hon. Tet one finds no fault with its price, nor at all undervalues it. 

: The number of the precious stones 1s not thus exhausted, But suffice 
it to say, on the other hand, that certain gems are mentioned, of which 
the mines are no longer found, and the specimens once in the hands 
of men have disnppesred, so that people are now ignorant of what sort 
they were. There appear, also, kon time to time, gems not before 
known, such as that red gem of Badakhshin, which, were it not for its 
sofiness, and that the water of its surface lasts but a little time, would 
be superior in beauty to tho [red] hyacinth, and is no an 255 34 unted gem. 
क व و لع اه‎ ber aber rag Sher पन 

dings of the rent bre t to view, here and there, ike lumps © 

matter deposited in مص ص‎ fh balls of fire, of which some were 
broken, so that a ere light gleamed forth beneath where they lay. 
Lapidaries stumbled upon the gem, and gathered specimens, and, hav- 
ing nothing to guide ‘usm respecting ध mrification of | its water, and 
the polishing of its face and making it brilliant, were, after a while, led 
by pe dae periments to make use of the stone called, on account of likeness 
of color, the golden marcasite, and with that succeeded ; and the mine 
has yielded abundantly, 

Tt is not impossible that both fusible and infosible substances, now 
unknown, may ha bron to light, at any time, from the underoliffs of 
iountains, and from the beds of rivers, the depths of seas, and the 
bowels of the earth. In respect to such, however, we will not barter 
Sway ready money for a credit, nor turn from the known for the sake of 


60 क. Khanikof, 
 اعمسف كانت مقوية للقلب يخاصيته‎ |b توح له‎ le وترميى الابريسم‎ 
| WAS الغصة ف الاحوال التى ذكرناعا‎ OPN +=. ou sal وتعرض عبن‎ 
عقصورة‎ Ral واتمانا للسروريات وليسى عذه‎ intl خخ‎ Lele! jam 
على الذابية من الاجساد النستنبطة بل تبعدها الى غيرعا من لجواعر‎ 
نظيو الذعب فى عر الوجود وصلاية‎ Gs pe والياقوت‎ coh aa 
أاسباب‎ duty Line, ومصاب 8 الثار‎ pe ولبعان‎ Westy الماء‎ ine, xt > 
Dak र न = من‎ ह الاصفر‎ mabe, الفسات: .طول البقاء‎ 
Pe PE الولو بدلييل‎ RU جميع ذلك‎ apy الغضدة‎ HS a من‎ 
BS, (jue Vales! دمن قشور متساعفز‎ ae) وتركب‎ Row خاية‎ 
ذاه من اساي‎ Sey والعط و‎ 9 
न She وليست‎ Le ول ينقض من‎ as البلى قر 5 يقدم ى‎ । 
Eb pl) وتغاتى‎ Leite eas بل + متها اشياغ قد‎ ti هذه‎ 


‘Were it not for my fear of the كممعتدينام‎ 1 ight also say that the 
soul's gindness at the sight of gold, the fine pearl, and the silk robe, | 
falls little short of its delight in medicinal confections.* Nor does the a 
sot) tale quietly the grinding up of gold, the pulverizing of the fine 
स and 1 - لوص‎ of silk ago es only saddened thereat + 
r, thongk by such means alone the t be strengthen et men, so 
adit a away from the Seer 1 a ry 
‘Gilver is next ech Ses na ae bie the peculinrities mentioned, and is, 
im like manner, made into tenders for things wanted and representatives 
of-valoe for articles of necessity, 
Nor does the description apply only to fusible minerals. On the 
contrary, you may extend it to substances not fusible, Of these, the 
red hyacintht [ruby] is equivalent to gold, on account of the rarity of 
ita occurrence, the ardness of its crust, the abundance of its water, its 
Instre, the depth of its redness, its bearing of fire, its withstanding 
canes of oh a ‘and its durability, Next to this come the yellow liva- 
cinth Sr that which is ا‎ 9 collyrium, the emerald, and 
the lite, which ‘differ | ne ruby] and are equivalents of 
silver. To all the above named the fine pearl is Manifestly inferior, 35 
appears from the softness of its body, its being नि Beverly composed composed of 
© Our author evidently alludes, in jest. to the fan 
Bre F confection,” of the oriental physicians, 
Scat ree ast of bette word, we use “yacath in a peneric scan in thi ebay 
ter, to repfevent the Arabic न , همه‎ applied to all precions stones wlike, a word 
“which has no proper equivalent in any E language. See De Sacy's Chrest. 
which ८ any European languag De 8४ 

















श = BA sine, “exhila- 
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cal‏ رخارنها ثم 0 يفضليا. بعسها فى جلالة الا باسطلاحهم على 
تمين + به = والقانون فى ذلك قلة وجود CO‏ وطول بقاء الموجود 
منه Kibo oho,‏ الذهب وعزة وجوده وطول بقايه وقلة طهواز السدى فيه من 
رطون: MeL‏ وتداوة الارض” أو البقر + व्या‏ من انار والاحتراى” مع 
انقياده لقبول لتم المانع ذوى التمويه عن حكايته بغيره ثم حسى منظره 
५.8‏ فيه حالة ae‏ الكيغية لما فقن له bi‏ الصغير Ket‏ منه من 
Ags‏ للقبض عليه ونا تعلل به الى عى البكاء من غير ان يعرف له Rea‏ 
أو cles‏ به حناجة Jot Blas Ut,‏ العالر عليه غير مسالبين 4 Wve‏ 
بالارواح والانقس (ज‏ والولك والاملاك والاناصى = الجتيع الوظر 
ولكنهم يبتغون دايا ثالت الوادين الى امتلاء GB‏ بالتراب cs च‏ 
الاطباء تقلت أن قرح النفس بالذعب واللولوء द‏ عند Letty,‏ يقل 
الى ails ai‏ فى المعاجين والنفس لا تسكن حرق VON!‏ وسعق اللولو 


ous of the adornments of wealth. Moreover, the only token by which 
men show preference of some of the metals [over others] is their tech- 
nical use of the letter A, stamped upon any precious metal of which 
articles wanted are made; and in regard to that they are controlled by 
the rarity of the occurrence of the metal, and the lengt h of time that 
it lasts; both which are distinctive characteristics of gold” But if, 
beside the rarity of its occurrence, and its durability, and the little 
i of moisture on it, whether moisture of water or humidity of 
earth, or of its being cracked or calcined by any fire, and consumed, 
together with its ready yielding to the stamp, which prevents counterfeit- 
ers from passing off something else for it, and, Instly, the beauty of its 
aspect—if there is not [beside all these characteristics) some inexplicable 
peculiarity pertaining to pels, why is the little infant delighted with it, 
and why docs he stretch himself ont from his bed in order to seize upon 
it? and why is the young child Inred thereby to cease from weeping, 
| = he knows no value that it has, nor b 1 it supplies ay want ? 
and why do all por © in the world make it the ground of ing at 
peace one with ant क their swords to fight, though at 
the sacrifice of the powers ‘of body and sonl, of wea sara jon, 
ica ha cok pomem sscasions, and every thing, with even a superfinity 
of renunciation, for the sake of ee that; and yet are ever 
longing for the third stream,* to stuff their bellies with the dnst ! 
cae moe? es evident allusion — traditional saying: #31 ولو ان لابى‎ 
ga لا حالة ابتغى‎ eal, وانيين يسيلان من الذعب‎ “amd Hf the دده‎ 
of Adam were to pomess two Bowing rivers of gold and silver daubéloss he would 















: thousand four | = 
dred and twenty-six. 
One thousand two hun- 
. dred and ninety-cight, 
One thousand one hun- 


dred and twelve. a 
One thousand and ninety- 1092 
two, yo 
One thousand and cighty.) 1080 
| Nine hundred and seven-| 975 
ty-five | 
‘Nine hundred and twen १९४ 
ty-twe, 





The fifth section is entirely hee Se my Manuscript. As 
regards the sixth section, which is the £ one in this chapter, it 
contains os recapitulation of all that had been before stated مم‎ 








¥ 
beolute weight and the weight of the 
of water which it disp ~ eho 


From this point onward, the condition of 
mits me to resume the citation and transla 


فى رضن भ sill‏ ومو فصول \ 
كل ast‏ اسان ! هذه الغلزات ل يعرنيا الناس الا لانقيادا فى النار ليل 
مصالحيم من الاوانم الصاية de‏ مالم يصير عليه غيب تما ثم الات Roa‏ 


|. he 


(+नः Secowp. 


Observation of Precions Stones. in several Sections. 
 * Men prise theas metals,” eays ‘Abu r-Raihhn "(जोह [अनना nd 
the action of fire, they admit vidi 11५18 1010 conveniences for 0 
8 loag | آ‎ of agriculture, 
weapons of war, and other thin age which 90 oni ¢a dispense wi 
ॐ set to possess himself of بل‎ Hie cone 


the manuseript per- 
ton of longer extracts, 
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فى وزن مايه وقسم ما اجتمع على وزن cle‏ ألفضة او أى جرم أريك وزنه 
Les Lid‏ الذهب ماة مثقال فبسرويه فى وزن مايه لا يتغير عن مقداره 
وو خمس ماة وخيسة وعشرون مثقالا فيجب ان يكون لما نحن قبه 
Ugh‏ > اذا قسم على اوزان هذه المياه خري hyo}‏ إجرامها OS,‏ 
فعلنا ذلك واودعناه فى هذا Sy dt‏ 

جدول ~ من 119( مياه الاجرام 
الفلوات : te‏ الاجرام ala foil Litt‏ هذه الوزان | ال 
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rp! of gald to the noe ht of the body of silver, but 
of the weight of the body of silver to the weight of the body of gold, 
by an inverse ratio. So then, if the weight of the gold is multiplied 
by the weight of ite water-cquivalent, and the product is divided by the 
weight of the water-equivalent of silver, or of any other body of which 
we wish to ascertain the weight + an equivalent volume, the desired 
result is attained), But we have designated a hundred mithkils as the 
weight of the gold, 80 that the product of the ante lication of that 
into its water-e 0 is an invariable quantity, نهم‎ 1 „528 mithkhls 
That न्द en, must be in mind, in order to sire which 
we bates 2 9 n, until the Tinton of it by these. [sev |) 
the bodies having the [several] watcr-equivalents. Wise done oF 
cordingly, and have placed the results in the following table. 
8 


ToL, ¥L 


56 __ कः Khanikoff, — +. 
the mean weights adopted by him for the two metals iron and 


tin, respecting which no notices are derivable from this ह said of 
the manuscript; and for the sake of clearness, and of uni ity 
of treatment with the other classes of substances given later, we 


present annexed, ig tabular form, the water-equivalents of the 
metals, or the weights of a volume of water equal to that of a 
certain fixed weight of each metal respectively. 





Metals Weights of س‎ न न to that of a [प्व 
Gold, 5 1 ri 126 
Mercury, 7 2 1 177 
Lead, 8 5 212 
Bas 1/8 
Brass, | 11 1 २३0 
Tron, 12 5 3 310 
Tin. 13 4 م‎ 


For the reduction of these weights to the form of an expres- 
aion for the specific gravity, and for a comparison of the ५ ific 
gravities thug obtained with those accepted by modern P ysic- 


ists, the reader is referred to the general comparative table, to 


be given farther on, at the conclusion of our presentation of this 
part of our author's work.'2 


الفضصل الرابع 


انا اتفف LOU‏ ولان كل ماء ५.5‏ بالاكقال فان BUG‏ الاثقال RNS‏ 


५०‏ ريكن = A‏ يكن نسية وزن ماء الذهب الى وزن ماء 
is‏ عجرم ua‏ الى ودب عم الذقبي بالتخافى hls‏ صرب eh a‏ 
Secrios Focarm. [Leet, इ, Chap. 7‏ 
Relations of Gravity between the tio [ Metals},‏ 

When the voltimes of the two 9 itt ee, and becanse all water. nents 
are related by gravities, the two Water-equivalents of the teu’ cet 
compared] are related to each other 4 inverse ratio of gravity, ‘There- 


fore, im ease one desires ४ ie weight of one of these bodies 
equivalent in volume to + hundred mithkals of Ce 0 


—the relation, in weigh bt, which the प aca of gold bears to 


the water-equivalent of silver is not as the relation of the weight of the 


+ 
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< دايرة‎ Gad شفا الى ان فرجس وصيرتها ميزابا قالبه اقل من‎ 
يتعلقف منه بيا آل ما 3 بال فى‎ ٠: علبيا ولمر‎ ciel iat | سلس -جريان الماء‎ 
.الطباع من البلل الضرورى‎ “Abu-r-Raihin understood very well 
that the size of the neck of this instrument affected the sensi- 
bility of its indications, and he says that he would have made it 
narrower than the little finger, but for the difficulty of removing 
(० h a smaller tube the bodies immersed in the water, but 
that this size was small enough to mark a sengible variation of 
the level of the water if a single grain 4 millet were immersed 
mt بالقاء ها‎ Lend الاصايع شير ذلك‎ up لخنم‎ Rew تبث‎ sales ls 
> 8 Km gh (=; ~=. 
re the third section of this chapter, our author gives the هعم‎ 
sults of his experiments with the instrument of ‘Abu-r-Raihin 
to ascertain the specific gravity of the various metals. 1. Gold. 
He says that he purified this metal by melting it five times; after 
which it melted with difficulty, solidified rapidly, and left hardly 
any trace upon the touchstone: خيس‎ ०1 ~. न 3 صغيت الذعب‎ 
made ten trials, to obtain the weight of the yolume of water dis 
eit by different weights of the gold, and he fonnd, for a bun- 
nith kills of pold, weights varying from 5 mithkals, 1 diinik, 
and 1 tassiij, to 5... 2 १.६; as mean weight, he adopta 5 m., 1 بل‎ 
2१ 2, Mereury. Our author begins by saying that this is not, 
pro RS tly speaking, a metal, but that it is known to be the mother 
of the metala, as sulphur is their father: He had 1 urified mer- 
any by 1 it several times through many folds of nen 
cloth, and had found the weight of a volume of water equal toa 
volume of a hundred mithkils of mercury to be from 7m, 14., 
111 to 7m. २ च. 2३१. of which the mean, according to him, is 
Tm.,2d,1t. 3. Lead. The weights found for 9 volume of water 
equal to that of a hund 5 d mithkals of this metal were from 8 m., 
4d, 1t, to9m.; of whith the mean, according to our author, is 
8m. 5d. 4. Silver. This metal was purified in the same man 
ner as the gold, and the weights of the corresponding volume of | 
water were from 9m. 2d, 21 to 9 ग 4५. 2; the mean 
adopted by our author be ing 9m.,4d,,1%. 5. Bronze, an amal 
gam of copper and tin; the proportion of the two metals 1s not 
given: the mean weight which he adopts is 11 0 2५. 6. Cop- 





per. Least weight, 11 m., 4d.,11.; mean, 11 .م‎ 3 0,14 7. A 


metal of which the copyist has omitted to give the name: the. 
weights foond for it vary from 11 m., २.१. to 11 m., 4 ra ot, 
their mean being 11 m., 4d.; this value identifics it with the 
metal given as brass in the later tables. From these same tables” 
we are able also, by reversing our author's processes, to discover 


$ rison. In my manuscript of the Book of 
the Balance of Wisdom there remain only a few leaves. of it, 
the contents of which cause the loss of the rest to be greatly 
lamented. Notwithstanding the multiplied errors of the copyist, 
omissions, and inaccuracies ef every kind; which धुः me 
a ‘iving the text itself, + is possible to ] Fearn Ww 7 is being 
eated of, and 1 shall cite here and there fracmenta intellign 





ble phrases, which have guided me in the followingMxpositior 
The first of the remaining leaves, after a few unintelligible words, 
which evidently belong to a phrase commenced upon the pre- 
0 ding leaf, contains ४ figure representing an instrument devised 
by ‘Abu-r-Raihiin for the determination of specific gravities, । 
(1 الالة المخروطة لابق‎ ४; += 
Form of the Conical Instrument of “A bu-r-Rathin. 
9 a lite Nock of the Instrument. 
¢ >~ 1 Perforation, 
1 11 
of a Water-pipe. 
ˆ 4 عروتها‎ Handle of the Instrument, 
¢ 33 خم‎ Mouth of the Instrument. 
7 الكفة‎ f= Place of the Bow! fof the 
Balance]. 






. 


‘give an exact copy of it,'* with all the explanations which ac- 


company it. A mere inspection of it will suffice to show that 
we have here to do with an instrument made for determining the 
volumes of different heavy bodies immersed in the water which 
fills a part of the cavity, by means of the wei 3 ht of the water 
displaced by these bodies, which is ascertained yy conducting it 
through & lateral tube into the bowl of a balance. The deserip- 
Gon given by our author of the use of this instru ent, which he 
calls المخروطةالاى الرجان‎ UY, “the conical instrument of !Abu-r. 
Raihan,” confirms this idea: but he adds that the instrument 
is very difficult to manage, since yery often the water remains 
suspended in the lateral tube, dropping from it little by little into 
the seale of the balance: بم‎ sole BS من اماء‎ (६ الانبوية تبقى‎ : 
(० action was aceordin aly هل‎ known to the Arabs: and 
our author asserts that ‘Abuer-Raihin had ascertained that, if 
the Isteral tube had a circular flexure given it, was made 
shorter than a semicircl 9 was pierced with holes, the 
water would flow readily gh it, no more remaining in the 
tube than just enough to moisten its inner surface: wis, 
AN IS لبا خيقت ذلك الجانب من الانبوبة خرقا ضار به نسقف‎ 


1. ose | +न, + 
1 ~ # 1 
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line of the second scale corresponding to this division is 113 and 
SS sixtieths; or, धा the latter fraction by decimals, 88 
corresponds to 115.653834-. Now it is clear that the specific 
gravity of water, taken as the unit, will be to the specific gravity 
of a liquid into which the areometer sinks to 88, 25 88 to 100; 
the specific gravit 1 of the latter will न ly be 113036364 
or, if multiplied by 100, 115.64046 +, which differs from the 
figure adofited by our author by 0.00303, or a fifth of a sixtieth, 
u fraction of which his table makes no account. So also 98, 
according to our author, corresponds to 1O7.51666+-, and ac- 
cording to: us, to 107.526481 +, the difference of which is 
0.010215+-, or six tenths of a sixtieth: and so on. From this 
it appears, also, that by adopting the method of sixticths our 
author gained the advantage of $ ‘able to make the figures 
in his table fewer, without affecting thereby the thousandths of 
his specific gravities, In order to understand why he = poses 
@bat the limits 50 and 110 are more than iguanas forall pos- 
sible cases, 1 would remark that, as we shall see | on, the 
Arabs at this period were acquainted with the specific gravities 
of only seventeen ee ee water, whic ay took for 
their unit, and mereury, which they classed among the metals, 
not pen the ee 3 प त the heaviest pa 
Was, in their opinion, honey, of which the specific gravity, being 
the highest ود اميت‎ 72 ae first scale ^" 
he tah was oul of sesame, haying a specific gravity of 0.016, 
which corresponded on the areometer to the interval between 
108 and 109; while the tnble gives In addition speci gravities 
The table of contents will have already excited the suspicion 
that the second lecture of the work, tren moe ee : of the steelyard and 
its use, would be found to contain only elementary matters, of 
no interest, In truth, our author exhibits in the first chapter 
diferent mediums upon the weight of bodies transferred to them ; 
in the second chapter he reverts to the ery क of sap 
gravity, and demonstrates that the principle of the lever appl 
equally to two or three balls thrown at th £ same moment into 
the bottom of a spherical vase ;'° the third chapter contains a 
recapitulation of what had been already demonstrated respecting 
the parallelism with ee lane of the horizon of the beam of a 
(न थकः with equal-weights; chapters four and five, 
finally, exhibit the theory, construction, and use of the steelyard 
The third lecture is beyond question the richest of all in स 
sults, which it is moreover the easier to exhibit, inasmuch as our 
author has taken the pains to collect them into a limited number 
of tables. The first शण T, according to the table of contents, 


should treat of the relations of the fusible metals, as shown by 
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خط فى تقو وزن الدورى المطلوب من الإطوبة الى رسب خييا ميزان 
الإطوبة إلى خط فى onl,‏ الرسوم على خط اخ oP‏ وزن الدورق 
dhs Gey all‏ من الرطوبة النى بسب فيبا ميوان الرطوية الى اح وذلك 
ai et (+ ५५) La‏ باب مقباس امايعات لفوقس Mas it 1 1. ty‏ 


looked for weight of a daurak of that liquid in which the liquid-balance 
sinks to fy; while the number marked upon the linea kA is the weight 
of s daurak with the determined 100 [muthkals, dirhams, istirs, ¥ the 
like] of that ५ wid ऋ which the liquid-balanee sinks أ ماما‎ which is 
The chapter on Pappus the Greek’s instrament for mensurin عر‎ liquids is 
। ended; and herewith ends the first [सलाह ` 


The substance 1 this demonstration, which our author states 
ina somewhat i ee Ticate manner, may be presented as follows, 

A. Hoating body always 1 places a volume of liquid equal in 
weight to the entire weicht of the body itself The li ie 06.15 
upward with a force equivalent to this weight, and, the body 
acting in a contrary direction with the same force, equilibrium 
is maintained. If afterwards the same body is plunged into a 
liquid less dense than the former, the part of it which is sub- 
erged will be preater than when it was immersed in the denger 
114 पात्‌, because the volume of the rarer liquid required in order 
to-weigh a8 much as the rei body will be greater. The 
absolute weight of ie two being the same, their ع‎ pe १ 
cific grayities will be in the inverse ratio of their volumes: that , 
ॐ, نه :: “وي‎ : ४; gandg’ being the > Seat gravities of the two 
bodies, and ₹ and ४/ their volumes. 1106 most interesting cirenm- 
stance connected with the statement of these principles is that the 
suthor professes to have derived it from the first chapter of a work 
of Archimedes, which he describes as Las: حبل الاشباء بعسيا‎ é 
‘‘on the sustaining of one thing by another,” and which is proba- 
bly the same with his treatise «rg! tar ier कतवा OF तसुं Tir 


_ 1 have copied the figure of the areometer of Pappus as given 
by our author, with the corrections د‎ by his description 

percei € instrument is nearly 
volumeter of Gay-Luszac, and that it was pro- 














density, the other with its numbers increasing downwards, to 
show the oe i क्य क : to those submerged 
yolumes. Th स le called “table of calculation by the rule” 
merely at same thing, Let ip take, for example, the 
line of the first scale marked & . We find in the table that th 


of it. One may easily perceive that 
‘vided with two scales, the one with its numbers ere प्र 
wards, to indicate the volume submerged in liquids of different 
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كم 2 مساوية فى ورنها للوطوية المساوية لاسطوانلا عم التى 4 Mal‏ لان 
ॐ (४ Mislead Jw ge Pages vo‏ = 
بين ذلك ارشميحس ف المقالة الاولى من كتابة: SoS‏ 
وزن الرطوبة التى مقدارها te‏ اسظوانة عم “من 
الرطوبات لشفيفنة”* الى وزن الرطوية المشاويغ لاسطوانة ا 
نبين وان قد ذبين ISS‏ فانا تبجع الى صورة SU‏ 
ونقول أنه أن وضع iat 3 प,‏ من الرطوبات | 
م uss‏ اذا رسب فى Hay‏ = ^ حتى يقف على ^ 
خط فى فوإنها عقدار اجَزَاء خط فى 3 اب Sant‏ 
خط أب isl‏ خط بف تكبا بينا قبل نسبة وزنم الم طوية tl‏ رسب 
bead‏ الى خط = الى دوزت الرطوية 5{ رسب Less‏ الي قب ely‏ 
tes‏ وزن الوطوية الى رسب las‏ الميزان ألى خط all Kemet MS‏ 
الذى على خط فى ot‏ العدد الذى على خط أءم والعدد الذى على 
another—and the relation of ‘aj is exactly as the relation which‏ 


e weight of the | ect bee in volume to the न am, 
bears to the w ¢ of 1 heavy liquid, equivalent in به‎ to the 
cylinder ‘am ch is what we wished to exp 

This having been made clear, we go back to the figure of the instra- 
ment, and say that, if the cylinder st is put into any liquid, in an even 
position, not inclined, and it sinks until the line ak’ is reached, th 

t of 9 daurak of that liquid is according to the measure of the 
‘part-nambers at the line a&A; and so, when it sinks, in a liquid of mare 
Eater ‘ity, [only] until the line 7y is reached, the weight of that liquid is 

त ह measure of the part-numbers at the line fy. For, th 
relation of the line 08 to the line 8 agreeably to the cay 
nation, is the relation of the weight of the [lighter] ich the 
9 sinks to @kA to the weight of the d in which it 

nks to fy, inversely, But the relation of of the h 
which the balance sinks to the line fy [to the weight of the 
liquid], is the same as the relatio upon of he i to 
the number upon the line a 4A ¢-und-the number upon the line: y is the 


243 








5 * 30.53 على ما‎ cy 1 4 
3 من الرطوباك‎ ist الاسطوانة نم ولتوضع على‎ Jae 
= | تتحدر فيها على استواء وانتصاب حتى تصل الى خظ‎ 
| فيكون كل واحد من خطلى => عص.‎ Gog الى‎ += 
म उन خطين محيطين بدايرتين متواريتين:‎ 
فيكون على بسيط الرطوبة اقول‎ Slaw) Grell 
>>. ابن > خط > الى ضلع ~ كنسبة وزن‎ 
: لشفيف: الى وزن الرطوبة الثقيلة فلان نسبة خط عج‎ 
` | كنسية اسطلوانة عم الى اسطوائة‎ op الى خط‎ 
Lead ॐ + 5 am (न ॥ 2 1 १ ie x ब. 
(= عم المساوية — +> الى المساوية فى‎ 
हो لاسطوانة دم اذا كاتيت الرطوية واحدة ع كنسية‎ 
الى خط يت ولكن الرطوبة التى ذكرنا المساوية لاسطوانة‎ og خط‎ 
5 Basis of Demonstration to the Foregoing Statement.® . 
Let the cylinder am be made, and sect upon some — into which it 
drops down, even and erect, until the line fd is reached; and, on the 
other hand, [let it ree: inte some 5 nid of great gtavity, so that it 
descends [only] until the line ‘as is reached. Accordingly, each of the 
two lines fd and ‘ag—two lines circling round the cylinder, parallel 
with each other, and parallel with 28 a two bases of the cylinder — rests 
ध अआ the level surface of the liquid, I say, then, that the relation of 
the line "aj to the margin jf is चठ the relation of the weig ht of the light 
lignid to the weight of the heavy. liquid. For, the relation of the fine 
‘aj to the line j¢ is as the relation of the cylinder ’am to the cylinder 
tm; and so much of the light liquid, eels ‘am is held up and im- 
mersed, كه‎ is equal in bulk to that cylinder, beara the identical relation 
to so much of the anme liquid جا هم‎ equal in bulk to the cylinder fm, 
which the line ‘ay beara to the line jt, Tut [eke volume 3 the 
liquid mentioned which is equivalent to the cylinder ¢m, equals, in 
weight, a volume of) the liquid Meine tore gravity equivalent. to the 
cylinder‘am; because these two cylinders [of liquid] are each of equal 
بات‎ the whole cylinder ممصم‎ Archimedes مقط‎ already ex- 
in the first lecture of his book on the sustaining of one thing by 
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>== لايس / 
कै‏ تى معرقة च)‏ بها 

eed مى الرطوبات غي جامد = أن‎ St اذا صرحت قى‎ भ्त (8९. 
+ على وزن تلك‎ els thle me +~ Ls بلا مانع وان‎ aud 
$28 المطلوية عل‎ KAS بالشى الرسوم من اجراء القياس وان الاجراء‎ 
يغوين أن يكؤن مع = الرطوبة ان عرص ان ايكون لظ علب‎ Gill 
أو بالقرب منهد وحخفظ عددها الموجيك وتقول ان ملاء الدورى الموتيم من‎ 
مقدار‎ KS; & لخفورط مقبسة الى المأ التى‎ Onell تلك الرطوية رمما مل‎ 
(5 هذا اذا‎ chee لخفوظ الى تقل الماء©‎ nell اناء الى يسع فيبا "كنا‎ 
ماء على اقل‎ plea iat ماء بلك آخر اليه فليم الطفهما واخفيما وزنا أن‎ 
الماء اللف من ماء النهر الملخصوص وان كان اكثى ميةااى بخ‎ 45 ser 
عَليِنًا‎ satel جانب الاثقل فهو اتقل بقدر الشعيرات نسبيه الى'المأة وان‎ 
سطر العدن لتسارى اعداده قسيناخا‎ Ligle الشعيرات فلا يشتبه‎ ode 
من انقسيغة فهو عدد الشعيرات‎ (न الف فيا‎ ५ أبدا‎ aie ell} , ملتقى‎ 
~= أردنا أن‎ ~> whlS, Replat 


not inclined, it shows the weight of that liquid ८७ some Prope rtioned 
part-nomber, among the different part-numbers looked for, 7 upse 
क zed line, provided that number is even with the level कपा 
of the ४ uid, so that the line of submergence is upon it, or nesrly so. 
The number found for the liquid in question you keep in mind, and you 
aay that so much of that १ with its mark according to the number 
“in mind, as wonld fill the imagined dourak, is proportioned to 100, 
the weight of an equivalent volume of water, as he number kept in 
mind is to the ज ट gravity of water. 

‘We proceed in the same manner when we compare the water of an- 
other country with that of थ n; and thns it is made 
to appear which of the two is the rarer‘and lighter in weight. If 5 
surface of water coincides with any line of less number than &A, that 
water is rarer than water of the stream fixed upon; and if it exceeds 
kh, that is, comes ‘on the side of greater {८ it is heavier, by the 
re of the round points [counted to thi भ , षाष्ट to 100. 
"5 Should we be unable to distinguish the number ¢ the round points, 
ع‎ line of even numbers is 19 plain sigh ht. . 1 number which 
marks] the point of coincidence an this line with the water we vide, 
या „ 10,000 + and the : of the division is the number of 
the round points looked for. "This is what we wished to state. 


FOL. VI. 7 





|> الرايع 
cand 8‏ مقدار yous sl Me‏ 


Manel‏ يم على سطكيا الداخل مقدارا اذا وسع ميزان 1 فى الماء 
وقف عليه 4 مسثويا ورسب من غير ان تتصرك الرطوية ولا البيزان 
>= يصل الى خط الاستواء للاعتدال CoN‏ عليه وزنه cate BI‏ كما =( 
مثالنا للباء ىق ويستيل & ذلك bed Bau)‏ أ فى oko a}‏ أو ينتقس 
منه ححتى يقف على ما قلنا عل النقصان ot‏ الزيادة #خروضا بالسهر >=( 
مع >= الاستواء +~ من 941 fle yon ole ue the,‏ تير ५१७‏ 
وثقلا == ان حول من ماء الى cle‏ آخر يتغير ثقل الرصياص ورصده 
Seorox Fount. ١‏ 


Specification of the Proportion in Weight of the Piece of Tin. 

It is necessary that the piece of tin which has been mentioned, the 
tunnel-like thing upon the base 4m, on the inner plane of that base, 
should be of such proportion [in weight] that the liqnid-balance, when 
put into water, stands cyen it, and sinks, without any 
either of the liquid or of the balance. until the eqnator of equilibrium 
is reached, upon which one's determined weight of the liquid is marked, 
as, for instance,ghe 100 for water in our diagram. In order to deter 
mine this a orton, experiment is resorted to ; for the tin is either too 
heavy or too light, until the motion of the instrument is arrested at the 
line spoken of; and you carefully reduce the deficit, or the excess, [in the 
weight of the (4 by the lathe, until the cylinder, being of the allotted 
size, is evenl d. When the surface of the water is even with 
the equator fof equilibrium], the instrument. is fimshed. So much for 
te determination of the proportion of the piece of tin, adapted to water 
from some known stream of 8 city or valley, such as the Jaihfin or the. 

Euphrates, or others—that ia taken as the standard for all waters, 
m5 श, ( اطي دنا‎ 0 may ae from one water to an- 
© varying the weight piece of tin, and making observations 
thereupon. Let this, then, be kept in mind. 


Secon Fira. 
Knowledge of the Application of the Instrument 


This instrument is such that, when cast into a li wid not having con- 
sistence, it sinks therein without hindrance; and ४ it up erect, 


sd 
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6 “Table of Calculation by the Rute.* 
Line of Numbers. سوط‎ —Bixticths. |Line of Numbers, +, वि 
110 : 90 5 195 
109 91 45 127 35 
108 92 055 128 12 
107 98 21 129 58 
106 94 21 81 35 
105 95 14 183 2) 
104 96 9 135 8 
108 97 i 137 
102 9: 3 138 54 
101 an 1 140 51 
100 100 142 51 
99 101 1 144 56 
98 102 2 147 3 
97 108 8 149 15 
a6 104 10 151 30 
95 105 15 158 51 
04 106 ॐ 156 15 
98 107 31 158 df 
92 108 48 161 17 
91 109 54 148 56 
90 111 7 166 40 
89 112 21 169 80 
88 118 88 | 172 25 
श 114 57 175 26 
86 116 17 178 $4 
` 85 117 39 181 49 
84 119 3 185 11 
88 120 29 188 40 
82 121 57 192 18 
81 138 28 196 5 





. 
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oe ce فنا‎ Fs ~ > هي‎ २ 2 برع‎ ad ey Kewl} مي‎ 
الماء وبران‎ cp Hal الرطوية الى ت‎ ol १ 01 سظٍ العدد دف‎ 
والقضاء‎ ० اليه ابو الإيحان ى‎ pty بعده‎ Ub هذا لساب‎ 
الذى قوى خط الاستواء ومن =( العدد ما مو قوق البأة فيو للرطوية‎ 
وقد اكتغينا مى سطور‎ AL Ge gt ST اخف مى اناء نكو‎ ST 
Jat, فى اله الالة الى ما عن اكثر‎ le أن لا‎ ङ्‌ Wg بين‎ Gs cual 
LEGS من ! ألى‎ B NR Ste ae et من‎ च كل‎ ١ فانا نرسم يان‎ 
^> خط يم‎ dey على خط ذر احاد الاجراء‎ Sod مى‎ bees 
©) من قى الى‎ Mee وتصل فيما بينهيا كما 5 بالمسطة‎ Ll ey 
> حو ؟ قا وقع منيا'فوق‎ i ونبتدى ابودنع > 0 مى‎ 
الإطوبة الثفيلة‎ Kale وما تكتد فيو‎ REST الاعتدال قبو مقدار الرطونةة‎ 
مشاتتانى الى تقل الماء‎ 
line of numbers below 100 is the basis of calculation for liquid heavier 
‘then water. [So that, for liquids lighter than water, we must have 
numbers त to अ 
The basis of demonstration upon which this calculation rests will be 
stated hereafter: ‘Abu-+-Raihéin alludes to it in his treatise 
So much of the instroment as is above the ¢quator [of equilibrium], 
‘and so much of the line of numbers as is above 100, pertains to liquid 
lighter than water, such as oil and the like, [In our table] we have 
contented ourselves with lines of numbers- from 50 to 110, inasmuch as 
this instrument does not require to have ५ it [for the caleulation of 
specific gravities| numbers either greater than the one or less than the 
other of the two. 


0 The علس‎ drawn out in > tabular form follows presently 9 
When we wish to mark the proportioned part-numbers upon the 


instrament, we set the units of the part-numbers on the line Ar, and 


their fifths and tenths on the line wm, in such manner that the [pro- 
pps ned] number-letter of each of the parts of the line of numbers on 
the instrument, from 1 to 120, shall al just what the table makes it; 
and with a bent ruler, in the mode spoken of ros make lines of con 
nection between Ar and wm from 110 to 50. 75 Ai rin with pincing | 

the number-letters [derived from the table] ‘on the side of 6, and he rocee 

‘townrds 2; but those of them which come above the line of equi णप 
constitute the measure Taal light liquid, and those below that line are 
the standard for heavy liquid—both being relative to the gravity of 


mnt‏ اقساما متساوية قتصل بينها وبين خط طب قسيا صغارا متساوية 
أبعات فد dnl Bayles oe‏ القاعدتين a +र‏ فى السطوح )== nad‏ 
بين خطى اب طح حرف !لل مبتديا من عند ب نكو ا ونسهيها am‏ 
العند المستوى 
اتفصل .الثالت 

فلتتبين الان كيف gs‏ جبيع الاعداد الى Sas‏ على اوزان الوطويات 
مثقال او ule‏ درج ot‏ استار أو ent‏ للكوالة اليد ودعلنا Ge RI KeS‏ 
عدد بحساب الباء خاصة فاذا bo!‏ تركيب للدول ووصع اجراء القياس 
as‏ ضربتا alll‏ فى allt‏ فيصي pte‏ الف حتفظتاه وغو المال المقسوم 1 
فاذا اردنا Kem‏ = جرء من سطر العدد المثييت على الالة ASG GS‏ 
ذلك للوء من سطر العدد ونقسم عليء عشرة الف ابدا ويثبيت الخارج 
into a hundred like parts. Then you connect the hundred points of‏ 
that line with the line ¢y, by small ares at even distances one from an-‏ 
other, which are consequently parallel with the circles of the two bases:‏ 
and you are to write on the surfaces [divided off] between the two lines‏ 


a6 and {7 the [appropriate] number-letters, beginning at & and_pro- 
ceeding towards a, which make what we call the line eines 0 


Arithmetical Development of a Rule for the Proportioned Part-numbers 
[indicating Sperijic Gravifies], and Putting of them upon the Instrument, 
You are now to a ey oe to find oy numbers indicating the 
weights of liquids. In tl , Place, we fix, In اس‎ ign, upon 3 
1 whatever, as, for example, the daurak, capable of containing [a 


weight of] water equal to a hundred mithkals, or a hundred dirhams, 


or istirs, or any thing else, at our pleasure; and we put down, for the 


न the instrument, [to the water-line], one hundred numbers, cor- 

ces nding to the quantity of water assumed. Then, when we wish. to 
ع‎ up a table, putting into it the proportioned part-numbers, we mul- 
tiply 100 by 100, producing 10,000, which we keep in mind, it. being 
the sum to be constantly divided; and if, then, we wish to obtain the 
proportional for each part of the line of numbers marked upon the 
netrument, we take [the number of] that part, from the line of num- 
bers, and divide 10,000 constagtly by it, and the quotient of the divis- 
jon is eet down, opposite.to [the number of] that part, in the table of 
part-numbers and fractions of part-numbers, But that portion of the 
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صتبورى = LEN OS‏ بعينة = اذا وضعت الالة فى رطوية فى 
حوصن أو اناء aed‏ عليه قياما منتعنبا ولا ميل الى جاتب 
الفضل 4( 
فى التتخطيط عليها 

दु‏ اولا خطا ف بطول الاستطلوانة كلها ,99 ضلعيا عليه مساب id,‏ فى 
أعلى الاناء خوى Se‏ لفط ped ss‏ + سدس تمتها أو اقل ما يلى سع 
على DASH‏ أس द‏ خطوطا اخر موازيية خط أب > خط ره وم عط 
اخراجا الى حى نذكره وتنضف خط اب على كه وأجعل كل واحد من 
خطوط مد شر لط مثل كا وتضع على نقطة كات د ل tama‏ مقوسة 
Zug!‏ دايرة اجن ع Lares‏ خط الاستواء cone‏ وما وده عو 
جانب =+ الاثقال .وما حدر جانب الاثقل منها 3 تقسمر خط اب 


9 أقسام pip desl‏ على نقط الاقسام قسيا على خطى = 


The instrament being thus made, when put into liquid in 4 reservoir or 
vessel, it stands upon it in an erect position, and does not incline any way 
Beorton 5 णम. 

You draw, in the first place, lengthwise, along the whole cylinder, 3 
line ४4९, forming its side; and let the i gd part of this line remain 
above [water] in the vessel, namely, a piece ing a sixth of 
the h ४५६ ht of the cylinder, or less, يدعم ات‎ -a part of the line [०९९] 
sa و‎ us te » the line of one of the bases, ॐ 12, You also draw other lines 

“al ५१ ith the line a6, namely, the lines rA, wm, ht, extending to 
the li اليه‎ ‘mentioned. Moreover, you bisect the line @ at كا‎ anil 
lay off each the lines tr, mad, It, equal to ka, and over the potnta 
+, च, १, you place a bent ruler, fitted to the bulge of the if प्रणता, and 
draw « circular line over those points; and, in like manner after laying 
off the lines jl, in, kAd], you draw, over the points 27 अ, 9 circle 
ajnkh, which you call the equator of equilibrium. That part of the 
instrument above is equatorial line is the side of lighter vities 
[than that of water], and that part below the same is the side of he heavier 

प्रक, 

Afterwards, you divide the line 8ه‎ imto ten parta, for number-lctters, 
and over the points of the-several parts you make stripe-like arcs, rest 
ing upon the lines nr anda; and you divide the distance between each 
two parts into ten parts, on the line ar, s0 that the line mr is divided 
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| صورة مقياس.المايعات لفوفس الرومق‎ - 
` (एणा of Pappus the Greek's Instrument for Measuring Liquids.* 
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4८ Cs _ ~~ 

between صاعن!‎ १ سحل‎ ५ د‎ = 5 
ذم‎ and Ar) Ascending Line of Numbers. | ات‎ 
hemes (BP حلم | شعيرات النقياس‎ ْ 
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+= الرطوبات بعصها الى بعض باون سيق 151 أستنوت = رامها & os‏ 
حا وقد Loca: Lick‏ عند بعض وتنفع جدا فى الاشياء التى تصلج 
(shag! =‏ الناس من غير Seta‏ = وميوآن 43 فيه NT‏ 
والتخطيط Lele‏ واستخراي فانون لودع لساب ولكروف Les lly Gade‏ 
eels‏ على wee‏ وتو يشتيل على Row‏ فصول 
eae!‏ ~( 
فى CN Ms‏ 
أن طول اذه = التى شكليا شكل اسطوانة مقدار نصف ذراع اليك ,عرضه 
أصبعين أو أقل منه وى من nla’‏ “جوقة غير مصيتة Rie‏ 
بالسهر اخف ما يكون مند وليا تاعدتان بن crt call‏ جميعا مشبهتان بدكّين 
خفيفين وقك لمت عليه بالسهر على احكم ما يكون من اليل وفى 
oom‏ احدى القاعدتين الداخل رصاص OS‏ > معه ely‏ شكلء شكل 





the relation of gravity to gravity, inversely, [कलक the two are weighed] 
in water. The force of this fundamental principle, once conceded, leads 
to the cor jon of an instrument which shows us the exact relations 

se SO aids, one to another, with the least labor, ८ द 
पिन dies are of the same volume, definitely determining the light- 
ness of one भ १ 10 another; and which is very useful in respect to 
things concerning the health of the human body; and all this without 
resort to counterpoises or balance, We shall, therefore, speak of the 
construction of this instrument, the marking of lines upon it, and the 
development of a rule for the putting upon it of arithmetical calculation 
amd. letters erg ive of क) also, of the application of the 
instrument, and of its basis of demonstration. This will occupy six 







Conatruction of the Instrument. 


The length of this instrument, which is cylindrical in shape, measures 
half a hand-cubit; and the breadth is equal to that of two fingers, oF 
less. It is made of brass, is hollow, not solid, and the lighter particles 
of brnss are carefully turned off by the lathe. It has two bases, at tts 
two ends, resembling two light drum-skins, each fitted to the end, care- 
fully, with the most exact workmanship; and on the inner plane of one 
of the two bases is a piece of tin, sae fitted to that plane ee 
luthe, slaped like'a tunnel, the base of which is the drum-skin iteelf 
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trial gravitation, for had not the means of arriving at these 
eone es On भ hand, the principle of Arch 
and the suspicion which ee had of the different densi 


osphere at different heights, taught them that the er a 
body was removed fro e earth's surface, and consequently 
ie centre, the less of its weight it would lose from th 
effect of the medium, that is to say, the heavier it would become; 
they did not, therefore, hesitate to. admit the direct ratio of the 
distance, It is evident that the Arabs admitted the heaviness of 

the air, and even that had, so to speak, discovered the 
means of estimating It, Peng they say that a given body loses less 
of its weight in a rarer than in a denser atmosphere; but in 
all probability they never made a ee of this means to 
ascertuin the weight of a volume of air at different altitudes. 
Finally, neither Greeks nor the Arabs, eo far as appears, 
‘were in possession of any positive demonstration of the princi 
ple according to which a liquid in equilibrium takes the form of 
a sphere, but ses it as an evident principle, fou 
est ay orm of the surfaces 0 इ sheeta of water. 

whole, it seems to me allowable to beheve that 

Arabs had one preat advantage over क ncients with respect to 
the stud. ea توي‎ y, that they were to a much less 
redecessors in civilization bent upon. fitting 
















ee eed wie artificial vo stems, constructed in advanee, 


ee were vastly more 80 us about the fact itself than 
ace which it should. occupy in their theory of nature. 
. Ishall make no extracts from the sixth chapter which pre- 


‘sents pad at all worthy of note, but shall pass directly on 
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وزنهما فى الهواء كنسبة ET‏ الى التقل على خلاق التوالى فى الماء واذا 


(पापना 1ك‎ 1 


Mechanism of the Instrument for measuring Laquids, az to Hleaviness or 
ees Application ti, according to the Philosopher Pappus 
the Greek, 0 


Tt is evident, from the theorems already stated, and from what. is to 
be presented respecting the relations between the gravities of bodies, 
the relation of ध of a heavy body to any volume of an- 
irect ratio, when the two weigh alike in air, is as 
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the Arab philosophers with ग ard to gravitation are, in my opin- 
ion, much more remarkable ; will not call it universal cravita- 
tion, for our author expresely exempts the पुः ' bodies from 
the influence of this force $2 Chapter Fifth, Sect. Firat, 1.),* but 
terrestrial لح اول د‎ That this grea t law of nature 410 not 
present it ae their minds in the form of a mutual attraction of 
all existing bodies, as Newton enunciated it five centuries later, 
is quite natural, for at the time when the principles exhibited by 
our author were brought forward, the earth was still regarded as 
fixed immovably in 1 € centre of the universe, and even the 
centrifugal force had not yet been discovered. But what is 
more astonishing is the fact that, having inherited from the 
Greeks the doctrine that all bodies are attracted toward the cen- 
tre of the earth, and that this attraction acts in the direct ratio 
of the mass, Having moreover not failed to perceive that attrac- 
tion is a function of the distance of the bodies attracted from 
the centre of attraction, and ate: even been aware that, if the 
centre of the earth were surrounded by concentric spheres, all 
bodies ० mass placed upon those =p herical surfaces would 
press equally upon the same surfaces, an differently upon eack 
क here—that, in spite ١ this, they held that weight was 
rectly as the mass and the distance from the centre of the 
earth, without even suspecting, so far as it appears, that this 
attraction might be mutual between the body attractin 5 and the 
bodies attracted, and that the law as enuncinted by them was 
inconsistent with the principle which they admitted, that the 
containing surface of a liquid in ig tesa is a spherical sur- 
face, Many geometricians of the first rank, such as Laplace, 
Ivory, Poisson, and others, have endeavored to establish the con- 
sequences of an attraction which should act directly as the dis- 
tance from the centre of attraction; thus Poisson says:* “Among 
the nary ‘different laws of attraction, there is one which ia not that of 
re, but which possesses a diva to oa operty. This law is 
that of a mutual action in the direct ratio ofgghe distance, and 
the property referred to is this, that the of the action of 
all the points of a body upon any one point 






















is independent of 
the form and constitution of that | whether homogeneous 
or heterogeneous, and is the game as if its whole mass was con- 
centrated in its centre of gravity.” Farther on, he shows that 
under the influence lip this law the containing surfaces of a re- ` 
barra fo uid are ellipsoid or (with sufficient velocity Mo yperbo- 
when the liquid is contained within a vesse : 

none of the immediate effects of an action in the direct ratio of the 
distance were of such a character as to set the Arab philosophers 
on their guard against the consequences of their law of terres: 


® Traité de Mécanique, 24 édition, ii, 650-853. 
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88 N, Khanikoff, 

منها رأسها ثر-جعل يظهر Le‏ حت Nels‏ 95 كان مستورا لا 1 نون 
rad‏ فلا ساتر اذا دونه غير حدية जम‏ السادبس وكل كرة درجت 
على سطج أب فتدحي وتتقدم Sls,‏ ثم at‏ على نقطة اد 
تتسع اكثر جما اذا كانت أقل بعدا من مركر العائر وتسع اقل >+( اذا 
كانات فى يعي pol Pell alte Jat‏ على يعد Wess‏ والسطع الكرى BAN‏ 
على رأس ज‏ من مركز العائر آمب يوسع*” فيه من المايع ما ب ag‏ 
“as cP ५ न्क‏ الكرة 2 ها Lila La‏ ~ = سيبييا 5 
Lely‏ آناء** =( الاقرب اذا فرصنا مركو العائر نقطة جل Kelas,‏ 
plow‏ الكرة RH‏ على رأس الأناءة* آدب وسهمهما زد فيزيد ما قى BES‏ 
ae pnd Le >‏ كرين مختلفى البعد عن ५. an! =f‏ ما 


اردنا أن == 


tion over the plane at—after being so formed, and صو عم‎ to and 
fro, it stops at a point d, contrary to the opinion. of those who think that 
Gt is accumulated and oscillates perpetually, 7. Of liquids in receptacles, 
oy. - contain a greater volume when nearer to the centre of the world, 
and when farther from it contain a less volume. Thus, let aA be [the 
(bulge of water in] a receptacle, at the greater distance from A bee ecn- 
ae and within the spherical surface of the water, ab, over the top of 
the ses esa be attraction] from the centre of the world, let the 
liquid in the hollow of the receptacle be contained, and Ict a section of 
the surface of the sphere—which yon perceive to be not a 1 
ah’ by azh, and let the right line between these two be 204; and, on 
the other hand, let there be a receptacle at the less distance fz, in case 
we fix t aa the centre of the world, and let the new section of the 
surface of the sphere be adé, over the top of the receptacle, [by azd], 
and let the right line between these two be zd. So then, what is in the 
receptacle increases by the excess of ed [over £4], namely, the interval 
between two (ष me surfaces at nt distances from the centre of 
the world—which is what we wished to state. 


Tshall not stop to point out certain inaccuracies in the fore- 
g theorems of centres of gravity, since each reader will 
+ discover them for himself; but I will observe, in gen- 










. 








eral, that the yagueness of the ideas of the Arab physicists 
respecting force, mass, and weight, a vagueness which is the 
principal cause of these imaccuracies, sceme to have troubled 
them very little, for our author is no where at the pains to estab- 
lish a distinction between those three ideas, But the ideas of 
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رأسهما مركو العالم.وتاعدته رأسامها واذا وصل Miia‏ الشخصين صار JSG‏ 
مثلثين متشابهين فاطولهما سانا स wes न‏ كل سطح مستو 
موا للافف فان موقع الهون عليه من مركر العالم 9% وستله واقرب Aaa}‏ 
الى مركر العالم مشل سلج Spay ol‏ العالم 3 والعود على آب منه وجو 
وقو أقصر b>‏ يقع بينهما ज ॥ वि‏ _ 
مايع صب على “= آب oS ~ २५ reid‏ 
داخل سطم أب الكرى مق 15७ दन‏ 

اد حاجمه عليه انب من جوانب آي 
Ut‏ كان ذلك IMSS‏ كل تفيل مايعا كان 
أو sa‏ يقصف من السعود الى الهبودل ويقف 
على السوا من مركو العالم ولهذا! لاايكون ل 5 

وجد الماء Lela‏ بل يكون WS‏ كرى sae‏ 

الشكل what,‏ العلة من كان فى البر وكان فى البعد منه منارة فاول ما يظهر 


between the apexes is greater than that between the bases, because the 
two are on two om ight lines drawn from the centre of the world, eo: 

the two legs of 8 ` le, of which the a to ja the contre of the world, 
and the base [includes] the two apexes. When the stations of the two 
figures are connected [by a right line], we get the shupe of two sum 
lar triangles, the “eed” of «perp lews is the broader as to base. 
4. Tho place of incidence of a pe ieular line from the centre 
of the world, falling upon any even plane B emits with the horizon, is 
the middle of that plane, and the part of it which is nearest to the 
centre of the world. Thus,4 let the plane be ad, the centre A, and the 
siti Wicular line upon 5 from the centre As—that is the shortest 
line between the centre and the plane. 5, Let any liquid be: pours 
upon the plane a4, and let its gathering-point be A, within the spherical 
१००११ [formed by 4 from the centre A, then, in case the 
volume of the li ete exceeds that limit, it overflows at the sides of ०५. 
This Sad BO न्व any heavy body, liquid or not, inclines from 
above downwards, and stops on reaching the centre of the world; for 
which reason the surface of water is not flat, but, on the contrary, com 
vex, of # spherical shap ॥ this account, one who is on the sea, with 
a lighthouse in fie Gotan fistance, first deseries its summit, and afterwards 
makes ont to discover, little by little, what is below the summit, all of 
which was before, as त matter of course, concealed ; for, excepting the 
convexity of the earth, there is nothing to hide every 08: art but the 
summit, in the case supposed, 6. Let any sphere be formed by gravite- 
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وليذا اذا نقس من ~ يعتدل العود على مواراة slaw‏ الاقف 


الثالت als‏ قوة حركذ الاجرام فى الهواء والماء بسبب لختلاق اشكاليا 
Le!‏ الرابع واذا استقر جرم SECS‏ أى يشول حسب مقدار جمه 
لا بحسب KS‏ الخامس: يسغو يقدر 9 a‏ السلاس 
الاجرام الثقال يعاوقها الهواء وى بذواتها فى القيقة أثقل من ثقلها الموجود 
فى ذلك السابع واذا نقلت إلى hye‏ الطف كانس des MOI‏ كلافه اذا 
نقدت الى Aye‏ اكثثف كانت SN‏ 
call |‏ الثالت 

الاول كل جرم ثقيل معلوم الوزن لبعد apes!‏ من مركر العالر خانه 
يختلف A,‏ كسب اختلاف بعده alld ade‏ كلما كان ag!‏ كان اثقل أواذ! 
قرب كان Waly AS‏ تكون نسب त ST UI‏ كنسبة البعد الى 
1 ان ميل كل ثقل الى مركو العالم :ومسقط رمن 
سلم الارص مو مقامه ,2 على السهم الذى टा‏ .مركو العاف وجر 
على القام المذكور . الثالث. كل شخصين متساوين قايين على دايرة 
عظيمة من دوابر claw‏ الارض تكون المسافة بين رأسيهيا اكثر مباابين 
with the plane of the horizon, 8, The cause of the differing force of the‏ 
nation of bodies, in air and in water, is their difference of shape. 4. Yet,‏ 


when a body lies at rest in the wager-bowl, the beam rises according to 
the 1 we of the volume of the body, nok according to its shape, 





5. The स ४ ity of the motion of the beam is in proportion to the force 3 


= 


of the body, not to its volume. Aes The air interferes with لياس‎ boxties + 
and they are essentially and really heavier than they are found to be in 
that medium. 7. When moved to a rarer air, they are heavier; and, 
on the contrary, when moved to a denser air, they are lighter, 

1. The weight of any heavy body, of known weight at a particular 
distance from the centre of the world, varies according to the variation 


of its distance therefrom; so that, as often as it is removed from the 


et becomes heavier, and when brought nearer to it, is lighter. 
On this account, the ५ of gravity to gravity ia_as the relation of 
distance to distance from the centre. 2. Any gravity inclines towards 
the centre of the world; ond the place where the stone having that 
gravity falls, upon the surface of the SA is its station: and the stone, 
together with its station, is on a straight line drawn from the centre of 
he world to tht station mentioned. 3. Of any two like figures, stand- 
ing on one of the great circles of the surface of the carth, the distance 


१४. 
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حكم فلى عجميع الاجسام الثقال CTT‏ اذا Ged‏ جسمان تقيلان فان 
انا من جور واحد فاعظمهما “ جسما yg LEAST‏ الرابع واذ! كاتا من 
Gt hee‏ ختلفين وانفقا فى الوزن ~ حول الى > RSM‏ فيطيران 
اخفالا أن most‏ +( وو الذى مو LP eect‏ جسها اتقليبا وزنا والآخر 
اخفيما. }> ,>( وان حولا الى اجو الالطف فيصيران SNE‏ ان المكسر 
منهيا + sl‏ هو Lamm न‏ اخفهما وزنا والاخر اكقلييا 
الفصل الثانى 

الاول. الجسم التقيل اذا رك ف pale‏ يعاو بعصيما بعضا وليذ! يعادق 
< عجرم a‏ الثقيل الذى, القى فيد oF ets‏ = وثقله يقدر -جرمم 
حتى يخف Mel‏ أناء بقدر وزن الماء المساوى Rat‏ فيتقض عى NS‏ 
بقحره وكليا كان الحجرم abel dll‏ كانيت المعاوقة اكثر .وتسمى ‏ قذ» 
Wh  ىتاثلا LARS ober SU‏ وزن جرم فى الهواء 3 وزن 
3 كفاذ gS ell‏ عموده يشول بقدر وزن الماء الذى يساوى -جرم الموزون 


transferred from 9 rarer to a denser air, it becomes lighter in weight; 
from a denser to a rarer air, it becomes heavicr. This is the case uni- 
versally, with all heavy bodies. 3. When one fixes upon two heavy 
bodies, if they are of one and the same substance, the larger of the two 
in bulk is the weightier of them. 4. When they are of two different 
substances, and agree in weight, and are afterwards transferred to a 
denser air, both become lighter; only?that the deficient one, that is, the 
smaller of the two in bulk, is the weightier of them, and the other is 
the lighter, 5. If the two are transferred to 2 rarer air, both become 
heavier; only that the deficient one, that is, the smaller of the two im 
bulk, is the lighter of them in weight, and the other is the heavier. 

1, When a heavy body moves in a liquid, one interferes with the 
other; and therefore water interferes with the bey of any thing heavy 
which is plunged into it, and impairs its force and its gravity, in 10م‎ 
portion to its body. So that gravity is lightened in water, In propor” 
tion to the weight of the water which is equal [in volume] to the body 
having that gravit १, and the gravity of the body is so 6 عماس‎ 
As न ten न ody moving es ४९ water] ;3 increased in bulk, the 
interference = eater, This interference, in the case of the bal- 
ance of wisdom, is called the ris ing up [of the beam]. 2. When ध اميا‎ 
15 weighed in air, and afterwards in the water-bowl, the beam of the tul- 
ance rises, nebo ortion to the weight of the water which is equal in 
volume to the body weighed ; and = erefore, when the counterporses are 
proportionally lessened, the beam is brought to an equilibrram, parallel 


the عسي سس‎ equation of 


tle © ऋक 5 _— च 8 ` ऋक ४ 1 
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_ The title of the third chapter is Theorems of Euclid respecting 
Weight and Lightness, and respecting the mentee of Bodies 
by one another. It contains sundry geometrical definitions re- 
। the | 1 Lhe. we 
0 2 2 ما‎ the relation between the velocity of motion, 
the space traversed, and the time, v=—, and that of the princi- 
ple re gravity acts upon a body in the direct ratio of ite mass. 
The fourth chapter has for its title Theorems of Menelanus 
Tespecting Weight and Lightness. It contains a ‘a few well- 
known developments of the principles of Archimedes applied to 
solid and hollow bodies (==> جم‎ and مجوف‎ «>, and I shall 
do no more than cite from it some of the technical terms made 


use of. The water into which a solid is plunged is called 


_ specting volumes, the enunciation o 


١ الباء المثل‎ “like water.” if the water displaced by the immersed 


body be of the same weight with that body; and the latter is 
designated Jo] ,الجرم‎ “like body.” If of less weight, the 
body is called الجرء الراسب‎ + “sinking body;” if of greater weight, 
itis styled الطافى‎ = , “floating body.” 

_ The fifth chapter contains a recapitulation of the principles of 
centres of gravity, and is here given entire, with a translation: 


(pall oll 
الأول‎ heal 


فى اخخنلاف اوزان الاجسام الثقال $ بعد واحد من مركر العالم 
उ‏ الاجرام الاسلقسية لا ~ معاوقة بعصيا لبعس Bee oe‏ 
bat, st‏ بتخلاف الاجرام الفلكية اذا حول الى جو اكئف أو خلافة 
الثانى انا حيل الجسم الواحى الثقيل من جوغر ما من الجو الالطف الى 
>+ الاكتف يصير اخف 0 من الاكتف الى الالطف يصير اتقل وعذا 


hed Cuarter Fre. 
Theorems recapitulated for the sake of Explanation. In Three Sections, 


1 in the Weights of Heavy Bodies, at the same Distance fro 
शनत व. om the Centre 


A. Tsay that elementary bodies —differing in this from the celesti 
spheres—are not without interference, one with another [us to Bie, 
in the two directions of the centre and of the circumference of the 
world, os appears| when they are transferred from a denser to a rarer 
air, or reverse. 2. When a heavy body, of whatever substance, is 


क अ 
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الفصل النتاسم 

الاول كل جسيين متعادلى الثقل عند Regge KER‏ كان MB Ras‏ 
)= الى ثقل الآخر كنسبة قسمئ ज ES‏ جر A‏ النفظة وهر . 
مركزى تقليبيا احدميا الى لاخر (ती‏ كل جسمين تقيلين يعادلان ‏ 
جسنا Wet,‏ تقلا بالقياس الى تقطط BASH,‏ فان اقربيما من كلك النقطة 
الى تقط: فم تقل dl‏ فى = et‏ الى فيها الجسير الآخر ويصي' 
ايسا مركر تقله على الجط المستقيم 'الذى عليه FAN‏ قانه كلها any‏ كان 
ales‏ 'اعظم = ह्वी‏ كل جسيين تقبين متساويى قئ الحجير Sell,‏ 
والشكل حتلفئ ०‏ عن sp‏ الغائر 6( اكث Lie‏ :بعد भ १‏ 








through that point, and also pases nie = h their two centres of gravity, 
one to the other. 2. Of any two heavy bodies balancing a sing! ¢ heavy 
body relatively to a ri point, the one nearer to that point has more 
gravity than that which is farther from it, 3. Any heavy body bal- 
te another heavy body relatively to a certain point, and afterwards 
rad in the direction towards that other body, w hile its centre of grav- 
ity is still on the same right line with the [common] centre, has more 
gravity the farther it is from that point, 4. Of any two heavy bodies 
alike in volume, foree, and shape, but differing in distance from the centre 
of the world, that which is farther off has more gravity. 


End of the theorems relative to centres of gravity 


The second chapter is entitled Theorems of Archimedes with 

t to Weight and Lagat tness. I shall not give a translation 

of it, since it contains nothing which is not known. Our author 
commences Wide the from the Greek pe moe though 
without specifying the work from which’ he derives the quota- 
tion, raged the effect that different bodies, solid and liquid, are dis 
tinguished by their respective weights; then he | to 
enunciate, without demonstration, the principle of 4 edes, 
that. the - erical oy ع‎ that fh. 


the form of a lig wid in. eamalibrium is, app herical ; de laced 
floating body will sink into the water until it sha have displace 
a volume of water equal in weight to its own entire weight ; 
and fnall dew a body lighter than a liquid be plunged ito 
vat liquid, it will rise from. it with a force proportionate to the 
difference. bety the = t of the submerged body and that 
of an-equal volume of the liquid. ५५ ظ‎ 5 


TOL. VI. ॐ 
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लन ona 
كل جسمين مُتوازى‎ उवा مركزه = النقظة الى يتقاطع عليها اقطاره.‎ 
السطق متساويين فى القوة وارتفاعيما متساويان وارتفاعهيا على قواعدخيا‎ 
على زوايا قاعذ ثان نسبة تقل احدثما الى ثقل الآخر كنسبة عظم احدقبا‎ 
[न متوارى‎ (भ مواراة ~( متقابلين من سلورحه‎ 
ويستتخرج هركو‎ तमै bs ~~ ate cee mis ares 
على هذا الخط فان نسبه تقلى =( احدجها‎ Least 5 جبيع الجسم‎ 
الى الاير بالتكاق الرايع‎ Lethon} الخ‎ tent = eal الى‎ 
Lacie قسبى التخط الذى عليه مراكو اتقاليا الثلاث الذى لكل واحد‎ 
مم‎ holy لكل‎ sd 0 (5. (5 
A اخدهبا الئ الاخر‎ (न्य) 


Secrios त्यत, 
1. The centre of gravity of oy body having like planes and similar 
parts is the centre of the body—lI mean, ral 1910 ot which its diame- 






ters intersect, 2. Of any two bodies of parallel planes, alike in force, 
aod alike in altitude—their common altitude being at right angles 
owith their bases—the relation of the gravity of one to the gra Vit Eig 
the Regt Pas ‘eral at of a oe af = to = bulk of the other. 
3. od parnilel planes, which is cut by a plane parallel with two 
of ita न plunes, is thereby divided ito ceo bodies of parallel 
Planes; and the two have [separate] centres of | gravity, which are con- 
nected by a right line between them; and the body as a whole has د‎ 
centre of gravity, which is also on this line, So that the relation of the 
gravities of the two bodies, one to the other, is as the relation of the two 
1 أت قد‎ the line [connecting their separate centres of pravity and 
7 divided at the common प one to the other, inversely. 4, Of any 
two bodies joined together, the relation of the gravity of one to the 
gravity of the other is as the relation of the two portions of the line on 
“ype are thé three ence ary ا‎ f those pertaining to the 
wo taken se أعاضوم‎ iy, an at pertaining to the he 
Some "a iy esd لوا مان‎ 8 agurezata of the two 
1, Of any two bodies balancing each other in ravity, with reference 
to a determined point, the relation of the gravity of one to the gravity of 
the other is as the relation of thaytwo portions of the line which passes 


# 
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17 الرايع واذا حك الى المركو الجسام تقال 3 يعقها 


عايق فانها يلتقى عند = ويسير وضع البركر منيا وضعا لا يتغير 


الخامس وكل جسم ثقيل فله مركو تقل: . ~( By‏ جسم تقيل فان 
cle!‏ 1 قسيم بقسيين (Waal Soles‏ >( مر كو تقله على wd‏ ~~ 
القصل السابع 
أذول كل جسيين ثقيلين iss holy Lede‏ وضع Lode!‏ عند الاخر 
५9‏ ++ =+( مركو تقل ومو ROE‏ واحدة ald‏ الثاقى “كل جسمى ثقيليين 
ممن مركرى Gt‏ فان مركو تقل et!‏ على ذلك الخطل तज‏ 5+ 
ذلك التقل اذا ~ يتغبر المراكر الابع كل جسن متعادلين يرع احدضيا 
ونوضيع على ماكر تقلد جسم اثقل ace‏ 15 لا يعاذل الجسم ५.१५ Jy ९९‏ 
the centre. 3. When its motion ceases, The Ee tion of its centre of‏ 
gravity is not varied. 4, When several heavy dies move towards the‏ 
711 ؟ centre, and. nothing interferes with them, they meet at the centre‏ 
the position of their common centre of gravity i not varied. 5. Every‏ 
heavy body has its centré of gravity, 6. Any heavy body is est‏ 
bal-‏ ها any vven plane projected from its centre of gravity into two pee‏ 
ancing other in gravity. 7. When such a plane divides a body into‏ 
two parts balancing each other in gravity, the centre of gravity of the‏ 
body is on that plane. 8. Its centre of gravity is a single point.‏ 
Secrms 1 1‏ 
ined together with care as‏ امع للد The aggregate of any two‏ .1 
to the pacing of on with reference to the other, 184 9 centre of gravity‏ 
which “a ह point. 2. A heavy body which joins together any two‏ 
their‏ 3 يبري heavy bodies | its centre of gravity on the right line‏ 
two centres of gravity ; so that the centre of gravity of all 0 <‏ 
that line, 3. Any heavy bod di balances a heavy 3 Se‏ مه is‏ 
6 ف body‏ 5 0( 





anced by the gravity of any other ‘like to either in gravity, 
ere is no change of the centres of gravity. 4. One of any two. bowie 
which balanee each other being taken away, and a heavier body ५४५ 
aced at its centre of gravity, the latter does not balance the | Bese 
y; it balances only a body of moragravity than that has = 


i -- 


कह इ = | — > ` शाः आ आ = इ सा `‏ ————_ "—_<——— ساد تيد مض ا 
ए! ३ 1 ~ 5 — ' च a 4‏ 
3 3 
1 
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~ = ld منتعادلة اثقال متعادلة‎ ८ السائس ذا نقصس‎ eo 
نا الباقية منعادلة السابع وكل جسم ثقيل يعادل جسها‎ ease! مركو تقل‎ 
من ذلكك الجسم هأ‎ fe NB تقلد ول باكثر من‎ =+ doles > فاته‎ ALS 
الومتساوية‎ yal ف‎ By Lael a"! (~ بلغي وتنم ألحيقيا‎ 7 
واحدة‎ Abi or ॥ 3/4 ५] ॐ ابعاد هرا‎ (८ البتشابية الاشكال‎ + 3 
ومتعادل:* التقل بالاضافة‎ Riad) الى تلك‎ ५ متساوية: بق متعادلغ التقل‎ 
الى السطم المستوى الذى عر تلك النقطلة ويكون وتمع تلك الاجسام‎ 
وصعا متنشابها التاسع. ول جسيين تقيلن 4فجبوع تقلهبا اعظم من‎ "~~ 
تقل كل واحد ^( العاشر والاجسام الثقال المتساوية البعد .عن مركو‎ 
اثقالها‎ ste الى‎ Ald) من مركو‎ = al تكون الخطوط.‎ al العالم اش‎ 
شيب ولاه‎ 
191 al, oo) يتجاور‎ 9 a3 جسم ثقيل = الى 3 3 العاف‎ $ ५1५ 
اجزايه الى المركو ميلا منساويا الثالثك واذا = حركته فان وضع‎ 
reference to that plane. 6. When subtraction is made from ५५ 


each other, of gravities which are themselves in equilibrium, 

magn 5 centre oe vity of the pore 1s not varied, the remaining 
gravitics balance other. 7. Any heavy body in equilibrium 

any heavy body does not balance a part of tho Intter with the whole of 

its own gravity, nor with more than its own gravity, so long as the posi- 

tion of neither of the two is varied. 8. Bodies alike in force, alike in 

bulk, similar in shape, whose centres of gravity are equally distant from 

न ate nt, balance each other m Brevity with reference to that point; 

each other in gravity with reference to an even plane passing‏ من 

that point: and such bodies are alike in position with reference 

to that plane. 9, The sum of the gravities of any two heavy bodies is 

greater than the gravity of each one of them. 10. Heavy bodies alike 

m distance from the centre of the world are such that.lines drawn out 

from the centre of the world to their centres of gravity are equal 
Section Srcri 

1. A heavy body moving towards the centre of the world does not 

deviate from the centre; and when it reaches that point its motion 

ceases.” 2, When its motion ceases, all its parts incline equally towards 





©» This proves that the theory of momenta wae entirely unknown to the Arabs 
of the twelfth century, excepting for the cass of the lever, 





<i 


5 


¢ ग्व? 
0 कीः 


"92 ह 


ae 1 न "= ane 1 8, ४" चं 
~ ^ يلم الل ل يي اليو‎ 

‘ ١ oe =? # 
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السابع وكل جسم تفيل Gb‏ النقطة التى ate‏ ينطبيق على Spe‏ العالم 
اذا كان ساكنا عليه يسمى مركو الثقل لذلك الجسمر 2 
الفصل الخامس 

الاول والجسمان المتعادلا Oke MT‏ نقطة مغروضة جما اللذان كن IS}‏ 
اضما الى جسم نقيل تكون تلك النقطة مركو تقله =( عن 
جنيتى تلك النقطة على ES‏ مستقيم hy mt‏ النقطة أن لا يتغير we,‏ 
ذلك الجسم وتصير تلك النقطة م كواثقل Lace‏ الثانى (न,‏ 
19( من الثقل عند سطي مغروض تيا اللذان حكن ان اضيا الى 
جسم تفيل يكون مركو تقله على ذلكنا الست ان لا يتغير وضع ذلك 
امتعادلة لتقل واحد يعينة على مركر واحد (as‏ متساوية الرابع "واف 
اضم إلى Saat‏ متعادلة عند ذلك المركر By‏ يتغير مركز تقليبا ذان الجبع 
متعادلة عند ذلك Fall‏ الخامس Sly‏ امم الى اثقال متعادلة ae‏ سطع 
مغروص JU‏ متعادثئة عند ذلك السطم pall (७‏ متعادلة ae‏ ذلك 
with reference to that plane. 7. That 0 t in any heavy body which‏ 
coincides with the centre of the world, when the body is at rest at that‏ 

centre, is called the. centre of gravity of that body. 

Secrrox Forri. 

1. Two bodies balancing each other in gravity, with reference to a 
determined point, are such that, when they are joined together by any 
म body of which that point is the centre of gravity, their et +€] 
rate] centres of gravity ure on the two sides of that point, on # ri ध £ 
line terminating in that point— provided the position of that body [by 
which they are joined] is not varied; and that point becomes the centre 


1 of the aggregate of the bodies. 2. Two bodies balancing 
reference to a determinad pee , are such that, 








1 toni: aavy bed 

en they are join ether heavy body, their common centre 
of gravity is on that plane— rorded | the position of that body [by which 
they ae ces not varied: and the centre of gravity common to all 
tliree bodies is on that plane. 3. Gravities balancing each other rela- 
tively the hae grvity, which secures a common centre to the aggre- 
gate, are 4. When addition is made to gravities balancing each 
other relatively to that centre, and the common centre of the two ॐ 
not varied, all three 9 gra vities are in équilibrium with reference to that 
centre. 5. When ition is mnde to gravities balancing each other, 
with reference to a determined plane, of gravities which are themselves 
in equiltbrium with reference to that plane, all the gravities balance with 


ا 
ا WV,‏ 28 


جسم رطب جسبان متساويان ق القونا LS‏ الحجم ,ان حركة الاعظم 
aad‏ ابطاء | 





الفحدل امم ابع 


الول" plat,‏ الثقال OS‏ يتسارئى. اثقالبا وان كانت MAS‏ فى القوة 


مختلفة ‏ الشكل . الثانى ‏ ولاجسام البتساوية البقل فى إلتى "اذا 
ent‏ فى جسم واحفد من الاجسام 2 مى edd Bol, ROH‏ 
حرةانها متساوية اعى انها تجور فى Kiss!‏ متساوية مسافات ~ अ‏ 
CJL‏ والاجسام المختلفذ الثقل ع الى nso NI‏ على ना she‏ 
كات حركائها aS‏ واعظمها تقلا اسرعها حركة . الرابع .والاجسام 
المتساوية فى القوة والجمر والشكل والبعد عن مركز العالم متساوية 
الحامس Mo‏ جسم ثقيل يكون على مركز العالم ذان مركر العالم يكون فى 
Nae‏ ويكون ميل اجوايه مع “"جبيع جهاته الى مركز العام ميلا متساويا 
ويكون كل السلوح التى oF‏ من مركو العالم تقسم كل واحد هنها الجسم 


بقسييخ معادلى التقل عند ذلك السطع السادس "وكل السطوح GENT‏ 





يفضله 9 عركر العا يقدمه eal‏ غير معاد التقل عند ذلك السطح 


rapidly. 4. When two bodies alike in force, but differing in volume, 


move in 2 liquid, the motion therein of the larger is the slower, 
। Becton Forurn. : 


1. Heavy bodies may be alike in gravity, although १ in force, 
and differing in shape. 2. Bodies alike in gravity are those which, when 
they move in a liquid from some single point, move alike —I mean, pass 
over equal spaces in equal times. 3, Bodies arse @ it gravity are those 
which, when they move as just described, ove differently; and that 
which has the most gravity is the most rapid in motion. 4. Bodies alike 
in force, volume, shape, and distance from the centre of the world, are 
like bodies. 5, Any heavy body at the eentre of the world has. the 
world’s centre im the middle of it: and all 2 ap # of the body incline, with 
nll its sides, equally, towards the centre of the world: and every plane 
a acted from me centre of the world divides the body into two abe 
balance each other in gravity, with reference to that plane 


6. Every plane which cuts the body, without passing through the (म 






“of the world, divides it into two parts which do not balance each other 





# The MS. rends أسرع‎ , but it isvevident that our author would أبطاء عرق‎ . 


whic! 


9. 2, एन جا‎ क = ri 4 ae कन a Ee ابي سي‎ > 11 is ५ = 4 


2 


——— = पी ~त كنا هكد‎ _ क 
1, x, vis क्र 
1) 
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४ له مادام على غير المركر‎ Lie لذاته لا مكنسباة من خارج وغبير‎ 
يعقه عايف إلى ان يصير الى مركو العالم‎ A بها ابدا ما‎ 
الفصل الثانئ‎ 
الإجسام‎ By القوى فنها ما فوته اعظم‎ wale والاجسام الثقال‎ Jt 
الكثيفة =( ومنها ما قوته اصغر وى الاجسام السخيفة والثالت‎ 
الاشكال متساوية الثقل‎ Relea والسضافة الى امقادير المتساوية منها‎ 
هذه الاجسام المتساوية فى القوة والسادس والاجسام الختلفة‎ poms 
بحسب‎ Lend > جسم تقبل فى اجسام رطبة فان‎ ds واذا‎ Js! 
واذا فحرك فى‎ TT ~ رطوباتها فتكون حركته فى الجسم الارطب‎ 
८6 الكثافة‎ ८ متشابيا الشكل‎ pt متساويا‎ (न جسم رطب‎ 
(न تحرك‎ 9 CIT € فيه تكون‎ OT حركة الجسم‎ 
الشكل ذان الذى يلقى الجسم‎ AS متساويا )=== متساويان فى القوة‎ 
being constantly moved by that force, so long as it is not impeded, until 
it reaches the centre of the world. aes es 
1. Of heavy bodies differing in force some have a greater force, which 
are dense bodies. 2. Some of them have a less force, which are rare 
bodies. 3. Any body whatever, exceeding in density, has more force. 
4. Any body whatever, exceeding in rarity, has less force. 5. Bexties 
alike in force are those, of like density or rarity, of which the 
ing dimensions are similar, their shapes being alike as to gravity. Such 
wa call bodies of like force. 6. Bodies differing in force are those which 
are not such. ‘These we call bodies differing in force. 
1. When a heavy ages -moves in liquids, its motion thereim is shes or- 
tioned पा tee f liquidness; so that its motion Is most rapid 11 
“that which is most liquid. 2. When two bodies alike in volume, similar 
in shape, but differing in density, move in a liquid, the motion thereim of 
the denser tas the more rapid. 3. When two bodies alike in volume, 
11 


apd, aie, 6د‎ fortes عو وتان ال‎ shape, move in a liquid, that which 
has a smaller superficies touched by the liquid moves therein more 
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التفل ४५1,‏ وخوص الاجسام الثقال ف الماء على क‏ الاخبار उ‏ 
بالتقليك نافعة جدا $ علم ميان GN‏ وتسهل ype‏ لمعانيه حت 


اذا ob‏ على تلك المسايل متعم نا وجوه ese Ful wip‏ رده لا يشيع 


= تعب كلى الجانبين والقول نبا يشثيل على سبعة ابواب 
الباب الاول منها 
7 >( 3 
فى روس مسايل من مراكز الاثقال عن ابى سل Bd) Gb MAS‏ 
Sse‏ وتو Cee‏ الناظر قبط على j=‏ شيف نبل على السعة Ape‏ 
الفصل de‏ 

BS‏ الثقل نو القوة التى بها eg‏ التجسم النقيل الى مركو العائر 
il,‏ الجسم التقيل STF‏ يرك بقوة NS‏ ابد! إلى مركو bass Balt‏ 
اعنى أن الثقيل مو الذى لد قوة تعردد الى نقطة المركو وفى للجينة Nout‏ 
للك قيها المركر ولا تحركه تلك القوة فى جيه غير تلك الجية ذلك القوة 
heaviness and lightness, and the mode of difference in respect thereto, in‏ 
liquid and in aif, and relative to submergence and floating 1 mean,‏ 4 
the comprehension of what is known, in general, respecting heaviness and‏ 
fightness, and the sinking of heavy bodies in water, considered in the‏ 
light of traditions accepted on authority, is of very great utility with‏ 
reference to the science of the balance of wisdom, and facilitntes the‏ 
conception of its ideas, After that, on reverting»to those theorems, as‏ 


an investigator of the ननदः of demonstration on which they rest, 
one lays hold of them by a simple act of thought, without any toiling 


all directions at once. What is to be said on these main theorems‏ مذ 


Caarren Frnsr, 
Main Theorems relative to Centres of Gravity, according to ‘Abi-Sahl of 
‘Kikistan and ‘Il ‘al-Haitham of Basrah—to aid the Speculator in 
the Science of the Balance of Wisdom to the Conception of its Ideas. 


ia 





Secriow For. 
1. Heaviness is the force with which a heavy body is moved towards 
the centre of the world. 2, A heavy body ८ one w ich is moved by an 
inherent force, constantly, towards the centre of the world. Suffice it to 
say, 1 mean that a heavy body is one which bas a force moving it towards 
the central point, and constantly im the direction of the centre, without 
being moved by that force in any different direction; and that the force 
referred to is inherent in the body, not derived from without, nor اند‎ 
rated from it—the body not resting at any point out of the centre, and 
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Before going farther I must endeavor to discover who our 
anthor may have been, thus supplying a deficiency occasioned 


by his too great 
Qur author contmues as follows 


وتشيع فى القسم cpt de‏ الكتاب + end‏ على الله ومصليى على Bad‏ 
Le, all, Oo‏ القسم يشتيل على By)‏ مقالات SIG‏ مفصلة مشروحة 
بن شاع الله تعالى 
> الاولى 
فى المقادمات الطببيعية والرياضية 

aS, الاتقال والتقل‎ ste برو مسايل‎ RLS نقول وبالله التوقيقنا ان‎ 
& Ml اعنى اتعلم‎ etal, سوب‎ ~! 5 Slee, Reb | & Latics! وكبغنية‎ 
_ We now enter upon the First Part of the book, relying upon,rod, and 
ven His Prophet Muhammad and. his family 


This Part includes four Lectures, which we shall set forth distinctly and 
clearly, if the Supreme God so wills. 


LecTuRE First. ॥ 
Fundamental Principles, Physical and Mathomatical 


We say—God ordering all things by His Providence—that the com- 
prehension of the maim theorems relative to centres of gravity, and 


रेः 


likin's Wafayit, ed De P14%, As to Muhammad Bin Zakariya of Ral he 
is ته‎ to have died A.A. 320 (A.B. 949), of 8 grent [See Wilstenfeli’s (हन्त. 


Arab, Aerzste च. Natorforechor, p. 41. | Consequen wna cotemporary with‏ ل 
the अण्ण £ Haji Khalfah, ‘Tbo ‘al-'Amid died‏ 

AL D. 970), مه‎ that he was cotemporary with the Dailamite Rukn ‘nd 
Danulah, manga ts ree. Pe te cate “AH. 428 (A.D 1036) for the 
death of 'Thn-Sini. See Haj rig ete 400, The Habib ‘as 
|च.) ir places it in the Ramadhin of #7, at Hamudcin, where I 





mr + 
3 oe 
1 ndus, اتكفةم‎ his 

١ and perhaps mg vere He one of the society of savans 
med in the cagntal of K at the court of the of the country, and af 
the celebrated Avicenna [‘Iba-Sind) was a metuber. न long a8. 





(4, 4४१ Série, iv. 153, Mahméd of Ghaznah, an is well 
त 

trentise lately t iy ets. Was 

eh savink ta Journ, Aas for ~अ, 18h, 

the Orin cau وسح‎ Xam canble’ 65 anniga bore 

to fesources of my own to | 








eo EY #2 ييه اد‎ ` "क اسبح !”ىه‎ 2 a 
1 ف‎ 8 ॐ eed at 2 हि 
1 ا‎ ॐ हि «~ 
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فى القسطاس المستقيم والوزن به من == الى الف Leo‏ 

د قئ هيوان الساءاتك فى Keto‏ عبوده وما le‏ من ज‏ +~ 
॥‏ فى Reto‏ خرانة الماء او الرمل وما يتصل بها 
(ॐ 3‏ مع كنز الساعات + ~> )>( 

=> 9 فى صنعة أليزان اللليف والعيل بد للازمان‎ ट 


४.९ 
6 


امد | = 


الجيل 
wt asl <+‏ 1 
9315 تسعة )9 Ay‏ = 9 وسبعو .© 


Chap. 2. Earth-balance, Levelling of the Earth's Surfac धि 1 with 
the Plane of the Horizon, and Reduction of the Surfaces of Walls to a 
Vertical Plane, in One Section 

Chap. 3. Even Balance, and Weighing with it from a Grain to o 
Thousand Dirhams or Dinirs, by means of three Pomegranate-counter- 

isea.? in Four Sections, 

Chap, 4. Hour-balance, Mechanism of its Beam, andjAn 
Calculation [put] upon it, in Two Sections 

Chap. 5, Mechanism of the Reservoir of Water or Sandy 
therewith connected, in Seven Sections 

Chap, 6. Numerical Marks and three Pomegranate-counterpoises, in 
Five Sections. 

Chap. 7. Knowledge of Hours and their Fractions, in One Section 

Mechanism of the Deligate Balance, and Employment of it‏ .9 كه 
for Times and their Fractions, in One Section‏ 

In all, Eight Lectures, Forty-nine Chapters and One Huudred and 
Seventy-one Sections. 








oor author has taken to define by aynchronisms the 1 فل‎ 
pea سدم دن‎ bom |, , (तं to in 10 atid of con 
it proper to add, hore, some more exact intimations of the dates 


The Hiero mentioned must be Hiero fi,, who died B.C. 214, at the age of not 
jess ninety Bad pat a Sera (व 
before the time of Alexander the Great. Tt in well known that the great Greek 
geometriaan was killed at the taking of Syracuse by Marcellus, B.C. 212, Euclid 
-eomposed ولط‎ Elements nbout fifty years after the death of Plato, B.C. 347. Mene 
lau a celebrated mathematician of the time of Trajan, A.D.98-117. Bat Dhove 
pot been wble to find any notice to guide me in identifying DMimitiyinds, Pap 
1 the Great, A, D. 879-405 د‎ 
ophers of the time of صن‎ must have lived between A. D, 812 and 833. The 
trician Thabit Bin Kurrah was born in the reign of Mutaasion, A.B. 221 
XD ४5), at Harrin, and died at Baghdid A.H. 283A, D. 000), उक बृ 


j 


नी بخ‎ = 21 |. | = ह ॥ 9 لا‎ 
* ~ 2 32 
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فى 1 وتقوييه على كل نسية Sa ee‏ وزن Fy‏ او 
الدنانيم ~ LS‏ ومعرفة الصرف Ready‏ كل فلن جور من 
غير واسدلة الندجات وتركيبة he‏ تسبة peel‏ والمسعر والثمن 





$ العافلات‎ (5 et وما حمل‎ tlt 535 । 
५५ ميؤان = وتعديله‎ msi ب فى‎ 
3 Lex) ५ الكزائم‎ 1 नान ८ | فى‎ ट 
५ وغرايب مسايل السرف‎ pel مسايل دار‎ (5 ४ 
५4 ess وى‎ अना المقالة‎ 
ب فى ميزآن الارص وتسوية وجبيا على مواراة السطم الافقى ووجوه‎ 
। । qa 


Leorunn يد‎ 

Bzchange-balance ; Adjustment of tt, for any determined Relation as to 
the Weght of Sirham: and Dindrs, by Suitable Counterpoises 
Knowledge of Exchange, and of the Value of any Metal or Precious 
Stone, without Resort to Cowntlerpoises a لمعه‎ of if fo the Hela- 
tion between Smpost and the Artigle charged therewith, as also fo that 
between Price and the Article appraised ; and Settlement of Things by 
means of if, Jn Jive Chapters, ` 


1. Statement concerning Relations, and their Necessity in the 
Case of Legal Tenders, in Four Sections. 


Chap, 2. Adjustment of the Exchange-balance, and Levelling of it, 


Chap. 3. Weights of Dirhams and Dindira, estimated by Suitable 
Counterpoises, in Four Sections. 
Chap. 4 and Knowledge of Values without Resort to 
Chap. 5 Theo fa the Mi d Singular Th 
ls De sorems pertaining to nt, on 011115 
relative to Exchange, in Four Sections. 


Leorcnr Eicurn. Jn Fight Chapters. 


Ciap.1. Balance. for Dirhams and, Dinirs, without Resort 
= 





[१ ~ ^ / [नाक 1 ب و نشي‎ en تمي ب‎ 
me — ` ॥ 8 x च न । ४ 9 
سس يار‎ 4 ९ 1 


22 N. Khanikoj, 

فى كيفية اثبات ta‏ الفلوات وللوائر = ॥ = Syd,‏ 
فى معرفة iss‏ الفلوات باستعال المنقلتين والجوافر المفردة 
و المفردة وائلونة وتميمز PRL)‏ بعصها من بعس من غير سبك 
ولا ut‏ باون wi a‏ رقت اذا كانت مركبة = 1 


¢ 61 





٠‏ قى التبييز (द‏ بالحساب من استيال البنقلة seer‏ سبيل 

وأسهل ححساب والبرثمان عليه ॥‏ . | .69( 
و فى نسب da‏ فى وزنئ الهوايى ‏ والمايى ety‏ اذا استويا 

us‏ الوزن ML sco (८)‏ الى بعض |+ خض دون استعيال cles!‏ ب ظ 

» فى غرايب المسايل ~ . 

جح قى معرفة وزن الغلوين فى الهواء” أن استوى وزنهما فى الماء ب ह‏ 
©- ف غرايب المسايل pel cr MS ete‏ د عانم وخكسه त‏ > 
ى فى ذكر قيم الجواعر فى الايام O53 IE‏ أبو GaP‏ 1 4 = 


١ Chap. 2. Levelling of the Balance of Wisdom, Mode of Weighing 
Things by it, and Application of Numbers to the Conditions of Weight, 
in One Section. 


ए (न. 9. Mode of fixing upon the Balance [the points for] the 8 4 

4 Gravities of Motala and Precious Stones, by Observation and the Table, 

+ in One Section, 

। ५८ 4. Knowledge of the Gennineness of Metals, क use of the two 
Movable Bowls, 25 well | as of Precious Stones, whether in the State of 


- Nature or partly Natural and कतक Colored, and Discrimination of one 
4 Constituent from another of a Compound, without melti ng or refining, 
with the least labor and in the shortest time, provided they are com- 
ounded Two and Two, Pyare any ee adverse, in Three Sections, 
Chup. 5. Anthmetical Discrimination between Constituents of Com- 
ugh 1 Employment of the Movable Bow!, in the plainest 
the easiest calculation, and its Basis of Demonstration, in 








pounds, thro 
way, and by 
Six Sections. 
Chap. 6. Relations between Metals’ in respect to two Weights : 
a Weight in a Woes = Bib et and their Mutoal Relations in 

| respect to tn) Volume, when the twa ध | agree in Weig h 
one with ५ € other, ascertained by Pore Arie Calculation wich, 
out [se of the Balance, in Two Sections. ध 

Chap. 7. Certain Singular Theorems, in Two Sections,‏ و 

^, -8. Knowledge of the Weight of two Metals in Air, when they 

agree in 10 in such Sections. 1 

+ “Chap. 9. Certain Singular Theorems, and Knowledge of م‎ Metal 

1 its Weight, and: the reverse, in Three Sections. | { مه‎ Metal by 
Chap. 10, Statement of the Values of Precious Stones in Past Times, 

as given by ‘Abu-r-Raihin, in One Section, 2 


"ا 0 1 يبن وك 
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فى صنعة ميران RRL)‏ وتركيبد واماكاند وتعريقد أربعة भा‏ 


| فى Rete‏ اعصايد كيا awl lal‏ اليظف بى استعيل الاسفزارق ‏ ف 

ب فى ترليبيا وثرتيب تعلف الاعصاء o ace‏ 

५ واعصايه مقصلا‎ = Soy ata فى‎ - 

د فى أمتحانه وتدارك ما وقع Bad (1; gl‏ 9 
المقالة السادسة 


فى = الصتحات المخصوصة 2 MS‏ اليل به ~ | 
بين الغلرات RES‏ بالمنقلئين 9 وتميير كل hole‏ منيبا 
علما باون سعى وتعيينهما ثانيا إحساب وزنة اثمان Pot‏ 
وقى :عشرة آأبواب 
त= i j‏ الستاحات Ropes!‏ يه KAS‏ يثقلا 30 
ب فى تعديل ميزان RE‏ وكيفية yin‏ الاشياء به وتعداد tery‏ الوزن ١‏ 


6. Water-balance. in the Form spoken of by the Eminent 
Teacher ‘Umar ‘al-Khai Manner of and its Basis of 
Demonstration, in Four Sections, 





| १ 


Lecrone शिका, 
Mechanism of the Balance of Wisdom, its Adjustment, Trial of it, and 
its Explanation. In Four Chapters. 

Chap. 1. Mechaniem of its Constituent Parts, as indicated by ‘al-Mu- 
gaffar Bin ‘Ismail of ‘Isfazir, in Four Sections, 

Chap. 2. Adjustment of its Mechanism, and Arrangement of the 
Connection between tts Constituent Parts, in Four Sections. 

Chap, 3. Explanation of it, and Express Notice of its Names and the 
Names of its Constituent Parts, in Four Sections. 

4. Trial of it, and Statement of what happens or may happen 

to the Weigher in connection therewith, in Six Sections. 


Lectves Scere. 

Selection of Appropriate Coun Mode of Operating thereby, m- 
cluding 1, Discrimination between Mized Metals, by means of the two 
Movable Bowls, and Distinction of Each One of two Constituents of 
4 aie scientifically, with the least labor, 2 اا ةا‎ Deter- 
mina to Quantity] of the Two; and Prices at which Precious 
رد‎ ae 1 vom 


1. त | 








१ |‏ ا 


Rigg ALA 0 > Rig مكعب‎ pI cle رصان‎ ह 5 
RN A = eS BAN تضاعف : بيوث‎ alos» 
- فئ خرانة وذكو العير الى ينفق خيه‎ >= 


0 Kal} البقالة‎ 


قى ذكر موازين الماء التى cL less‏ المتقدمون والمتأخرون 
قى.ميزان ارشميدس حكاه مانالاوس: والعل به 

ب فى ميران مانالاوس والطرى oll‏ ميو بها بين الفلزات المركبة 
فى ذكر الميؤان الطبيى سد بن ركربا SIA‏ 

فى 5( الماء على الوجه الذى ذكره الامام عبر كيام 
واليل بم البرعان عليه 


^ 


a (a 
= 1 


ह 


Chap, 3. आता of Substances occasionally required, in Two 
Chap. +. Observation of » Cubic Cubit* of Water, Weight of a Vol- 
ume of (1८ Metals one Cubit cube, and Weight of so much Gold as 
would 91 the Earth, in Three Sections. 
_ Chep. 5. Dirhams doubled [successivel y| for the Squares of the Chess- 
board, 1 0 of them in Chests, their Preservation in 8 Treasury, 
and Statement of the Length of Life in which one might expend them, 
in Two Sections, | 


दला Fovrrn. 


Notice of Water-balances mentioned by Ancient and Modern Philosophers, 
their Shapes, and the Manner of (sing them, In Five Chapters, 


Chap. 1. Balance of Archimedés, which Menelaus tells of and Manne 
igh Wing 1६ tn’ Four Sections. ० 
^ Chap. 2: Balance of Menelaus, and the Ways in which he distin 
اسيم‎ between Metals compounded ther, in Three Sections. 

* Chap, 3. Exposition of yi: Menelaus the Philosopher says respect- 
ing the W eign its of pre = Iwo Sectiona, 2 

Chap, 4. Notice of the Physical Balance of Muhammad Bin Zakariya 
of tal in Three Sections | oe 





= =. 


| يداك سو‎ = = र ` = द, क 
— a 5 
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المقالة الثائية 5 3 
Dae‏ القفان للمظغر الاسقرارى خيسة آبواب”* 


| فى كيفية الوزن واختلاق اسبابه لثابت بن ve BS‏ 
ب فى بيان SUSU ste‏ أن 
` مواراة Opec‏ الميزان سطم ELT‏ 3 
د فى صنعة القفان وارقامد a jel,‏ 8 
° فئ 0 القفان المرقوم من وزن الى وزن > 


et bed ol pd فى‎ ett قى النسب بين الفلزات‎ 


بن احمد البرونى قى Kent‏ ابواب 
ب فى رصد ot sit‏ ونسب yew‏ الى بعض فى asd‏ 
Lectune Secowp, कि > |‏ 

Explanation of Weight and itz Various Causes, accora@mg to 71061; 

Fundamental Principles of Centres of Gravity; and Mechanism of the 

Steelyard, according to ‘al-Muzajfar of 'Isfasdr, Jn Five Chapters. 

Chap. 1. Quality of Wight, t, and its Various Canses, according to 
Thabit Bin Kurrah, in Six ons, + 

Chop, 2. Explanation of Centres of Gravity, in Four Sections. 

^“ 3. Parallelism of the Beam of the Balance to the Plane of the 

Horizon, in Five Sections. 

Chap. 4. Mechanism of the Steclyard, its Numerical Marks, and Ap- 
plication of it, in Five Sections. 


Chap. 5, Change of the Marked Steelyard from one Weight to an- 
other, in Six Sections, 


ما ان 


[षता (प्रात्र, 


between different Metals and Precious Stones in respect fo 
Volume, according to 'Abu-r-Raihin Muhammad Bin ‘Ahmad 
of Bi in Five 


Chap. 1. Relations of the Fusible Metals and their Weights, proved 
by Observation and Com به‎ in Six Sections, 

Chap. 2 spook 15 fees Stones and their Relations to one 
another in respect to {Given} Voltane, in Four Sections, 





١ १ क्क ~ ` i 
५. ve : a ~ न ऋ अ = अन rs = चा श ١ 4 नल 


يشتبل على أبواب وكل ياب يشتيل على فصول كما ay‏ | هذا الفبرس أن 
شاع wi}‏ تغالى >= cols‏ 1[ 
sd!‏ يسمى الميزان لجامع ثمان مقالات 


المقالة الاولى 4 
٠‏ قى المقدمات الهندسية والطبيعية» التى يبتتى عليها الميزان ٠ج ٠‏ 
4 = سبعة षट lp!‏ 
।‏ فى روس مسايل مراكز SUM‏ لابن الهيثم न‏ سهل BoM‏ 
^ فى Les;‏ مسايل أرشمييدس ४‏ 
z‏ فى روس مسابل اقليدس ب 
د فى روس Jules‏ مانالاوس = 
३‏ فى ذكر مسايل متفرقة فى التقل ह ५2,‏ 
و i‏ مسايل السغينة ومقدار غوصها = 
3 فى مقياس المايعات لفوفس الرومى 5 


tm eee book is therefore made up of eight lectures. Each lecture in- 
पध several < dei and each chapter has several sections, as will be 
explained by the following table of contents, if the Supreme God, who 
the Lord of Providence, so wills. 


Taste oy Contests 07 THE Book or re Baraxce oF Wispom, CALLED 
THE Comprenmnsive Batance, ix तपत Lecrenes. 


Leorvne Finer. 


Fundamental Principles, Geometrical and Physical, on which the Com- 
prehensive Balance is based, Jn Seven Chapters, 
5 ee . 1. Main Theorems relative to Centres of Gravity, according to 
“Ibn ‘al-Haitham of Basrah and ‘Aba-Sahl of Kthistin, in Nine Sections. 
Chap. 2. Main Theorems, according to Archimedes, in Four Sections, 
* ॐ. Main Theorems, according to Euclid, in Two Sections. 
+ “ ` ` 4, Main Theorems, according to بممملعد لل‎ in Two Sections, 
^ ॐ, Statement of Divers Theorems relative to Heaviness and 
Lightness, in Three Sections. । 
Chap. 6. Theorems relative to the Ship and the Proportion of its 
Submergence, in Four Sections. ॑ 
Chap. 7. Instrument of Pappus the Greek for measuring Liquids, in 


Book of the Balance of Wisdom. 17 


امتقدمين والمتاخرين فى ميزان الماء .وما اشاروا اليه وذا القسم يشتييل 
من الكتتاب على اربع OM‏ مرتبة.. tle GO‏ فى صنغة ميان xo‏ 
وامتحانه واثبات مراكر الفلؤات sind,‏ عليه ووضع oleic‏ لايقة بد قر 
العمل يد فى قف الغلوات pent,‏ ,بعصا مى جعض من غير Sow‏ ولا 
ह, >‏ بعل شامل للموارين كلها ومعرفة للواتر الحجرية cant‏ حقيا 
هن ~~ > وملوناتها .وزاك فيه من .باب الصرف وذار الضرب بالعل الكلى 
البياءات والمعاملات Le,‏ القسم يشتمل على ثلاث مقالات.. والثالت laze‏ 
يشتمل على طرف الموازين =( ميزان الدراعم والخنائير من غير 
Holes‏ الصناجات وميزان تسوية الارض على موازاة السطع الافقئ وميزان 
يعرف بالقسطاس المستقيم يوزن بدامن حبة الى الف.دراعم ودنائير 
بعلاث ule,‏ وميراى الساعات يعرف بد الساعات"الماضية من ليل أء نهار 
न्ग) lets GUE eS,‏ الطالع sore lp‏ ككسو وما 
وتو يشتبل على مقالة واحدة 3 الكتاب ثبائى مقالات وكل مقالة 





of weighing with it in air and in liquids ; the instrument for measuring 
liquids, in order to ascertain which i» the hg ter and which the “ie: jer 
of two, without resort to counterpoises; knowledge of the relgggpns 






hetwean different metals and precious stones, in respect to [given] 
volume; sayings of ancient ait modern philosophers with regard to 
the water-balance, and their intimations on the subject. This part in- 
clndes four lectures of the book in their order. 2. Mechanism of the 
balance of wisdom; trial of it; fixing upon it of [the points indicating] 
the specific gravities of metals and precious stones; adoption of coun 
terpoises suited to it ; (नि 0 it to the verification of metals and 
distinguishing of one स another [in a compound], without melting or 
refining, in a manner applicable to all balances; recognition of precious 
stones, and distinction of the genuine from their imitations, or ह्रां 
tudes مذ‎ color. There are here ११९ chapters on exchange and the 
mint, in connection with the mode of proceeding, in general, as to 
ae saleable and legal tenders. This f و‎ ree lectures. 
3. Novelties and el भु ant contrivances in the way of balances, such as: 
the balance for weighi = Pop nee and dindrs without resort to counter- 
poises ; the balance for ling the earth to the plane of the horizon; 
the balance known عط “قد‎ even balance,” which weighs from a grain 
to न thousand dirhams, or dinirs, by means of three pomegranate- 
counterpoises: and the hour-balance, which makes known the passing 
hours, whether of the night or of the day, and their fractions im minutes 
and seconds, and the exact correspondence therewith of the ascendant 
star, in degrees and fractions of a degree, ‘This part is in one lecture 


VOL. Wi. a 


١ : 7 رم‎ 
कै 7 ^ 
“= 


ee - ^ 14194, वक يا‎ 


16 N. Khanikoff, 


فئ ees Leet‏ بها القن ماقئ قوة Lhe‏ العل وصنفت كتابا cad‏ ميزان 
ध‏ الي mash‏ البعيودة = + } سند خيس Linas ४ > एमि‏ 
“تبك المصظفى صلى الله عليه 1 7 
العالية الشاملة Soll east‏ ما خصه الله (ज‏ من الشجاعة والبان 
==( فتج الااليم شرقا وغربا ومن الفصايل امجتبعة فيه من طيب العنصر 
وكرم الطبع والمنشا مود وانجى السامى وراثة واكتسابا خيو ادام اللا 
سلطانه سيى اقل Abell‏ ومستوفئ جميع مراتب Joey Kamit‏ الله Mas‏ 
أن يليل له فى Se‏ ويزيد فى عله GAS,‏ وسلطانه وبسجلتة أنه ولى 
ذلك والقادر عليد 
فى تقسيم الكتاب 8 laa,‏ الككتاب ثلاثة اقسام الأول 1 ١‏ 
~ والمقدمات حو الثقل RES,‏ ومراكو الاثقال ومقدار ope‏ السفى فى آلباء 
البواء والمايعات ومقياس المايعات ليعرفة الاخف والاثقل منيما من غير 
وساطة السناجات Bae‏ النسب بين الغلزات sled,‏ فى الاجم واقوال 
त‏ 1 
the world, and waa thereby guided to the extent of m 2 power of accom-‏ 
Nanay ey this work, and composed a book on the balance of wisdom,‏ 
or his high +h treasury, during the months of the year 515 of the leat‏ 
of our Elect Prophet Muhammad—may the benedictions of God rest‏ 
upon him and his family, and may he have peace!‏ 

This book is finished by means of his auspiciousness, and the felicity 
of his high reign, rag eae pat soverciguties, by virtue of the Su ean 
God's special gifts to him of fortitude and valor—so that he has subdued 
the climes of the East and West—and the excellencies united in him, 
purity of linenge, nobleness of nature, exalted nationality, Mp lofty 
grandeur, both by inheritance and conquest. So then, ae God perpetu- 
‘ate his reign, who is the chief of the people of the world, the possessor of 
4 ‘all the distinctions i و‎ : nsk the प God that he 
would lengthen his days, an increase his eminence, his power, his rule, 
and his sway—God is equal to that, and able to bring it to pasa, 

Sect. 6. Division of the Book 
1 have divided the book into three parts: 1. General and funda- 


mental topics: such as heaviness and lightness; contres of rarity 5 
of the 





the proportion of प of ships im water; dives 
causes of weight; mechanism of the balance, and the steelyard; mode 


= A.D. 1121-2. 
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منقلمان, عى موضعيبا" وان Soret‏ نسب الفلرات (न‏ الى > ( सन‏ 
الى elt‏ يلد لطليغة ap‏ تلل من نظر فيه أو alae‏ باثيات المراكر منها 
عليه cll‏ #خصوجن مناسب فق اللطافة py este oll‏ خوارزم تبون cil‏ المياه 
as! ole Tikes cps‏ لليتامل ९५५‏ ان وصد مراكو للواع” cot lal.‏ 
ale‏ كما اذكه cy‏ شاع 311 out‏ فى اثناء الكناب بكل नन eal cha‏ 
زمان >( سعى واقرب Se‏ وأسيل عيل بعون الله تعالى دعن ~> 
السلطان الاعظم شاقنشاء المعظم مالك راب oat‏ سبد سلاطين العا 
سلطان ارصن الله poi‏ > الله حافظ al} ole‏ ملك بلاك الله معن خليفة 


G~ ‘aio :‏ 
الملة الراعره ومغيت al‏ الباعرة pti ५‏ بن ملكشاه بن اليارسلاق 


ابرعان الديى. 1" a‏ الملومنين als}‏ الله =+ २‏ = > ون نه nee‏ 
العائر الى تصيبه ey‏ روحه الى Ane‏ اسنيددت من انواره الشركة 


is the water-bowl; which is called “the ‘satisfactory balance,” or © the 
balance without movable bow];" 3. one with five bowls, called “the com- 
prehensive balance,” the same as the balance of wisdom; three of the 
sh wis of which are a water-bowl and two movable bowls, The knowl- 
edge of the relations of one metal to another oe و‎ upon that perfeet- 
ing of the balance, by delicate contrivance, which has been accomplished 
by the united labora of all those who have made a stady of it, or pre- 
pared it by fixing upon it [points indicating] the specific gravities of 
metals, relatively to a determined sort of water, similar in density to the 
water of the Jathin of Khuwirazm, exclusively of other waters. 

It is also posits however, for. one who is attentive and acute, by 
means of this balance, to observe the specific gravities of precious stones 
and metals Sanat, upon it, with any water agreed upon, at any time, 
with the least trouble, at the shortest notice, and with the greatest facility 
0 وس‎ eration ; 28 I shall set forth in the course of this book, with the help 
of eee God, and the felicit ए the imperial power of the most 
magnificent Sultin, the exalted Shah of Shahs, the king of subject 
nations, the chief of the Sultins of the world, the Sulthn of God's earth, 
the protector of the religion of God, the guardian of the servants. of 
God, the king of the provinces of God, designated as God's Khallf, the 
glory of the course of the world and of religion, the shelter of Islamism 
aod of Muslims, the arm of victorious power, the crown of the illustrious 
creed, and the es rof the eminent religion, ‘Abh--Hirith Sanjar Bin 
Milikshih Bin ‘Alpirsian, Argument for the Faith, Prince of the De- 
lievers—may God perpetuate his reign, and double his power! For h 
suet is the HWuminating sun of the world, and his justice its vivifying 
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1 فيه ملة احسى نظ ومتأملا فى صنعته ومتانقا ف احدته وسى فى 
#خملطين gels‏ الى امكان مجود ماكز الغلبات على عموده استقراء .و رصد! 
al‏ معنن إلا انه لرايشي الى كبية ابعادعا عن ور أجراء وعتدا ولا الى 
فى من اعماليا سوق شكل الميدان REE (गु‏ ومتسى الى MIR‏ 
تعالى قبل MOET‏ وتدوينه 
في صور واشكال لميوان الماء © here‏ جميعهم يقول hh‏ أن الموازين 
المستيلة فق الماء cody‏ اشكاليا على ثلثه leo!‏ .الأول صنف ذء كفتيل 
(fetes‏ بقال لم cell‏ اتنظلقفك )~~~ rs Leys‏ شعبرات على Beet‏ 
والثانى ذو ثلاث كفات طرفيات احدييا منوضة تحت ts (ज)‏ 
९‏ المايّية يقال له toll‏ الكافئ او المْجرك عن المنقلة. والثالت. ذو خيس 
كفات يقال له الميزان ل لامع +( ثلاث منها مابية وثنتان 


. demonstrated the accuracy of oleervation upon it, and the perfection of | f 
operation with it—au Pposing 4 particular sort of ‘water to be used— 

। without having ai mar balance, The eminent teacher ‘Abd-Hatim 
/ fal-Muzaffar Bin ‘Isma’il of त a cotemporary of the last named, also 
: handled the subject, for some length of time, in the beat manner posible, 
4 giving attention to the mechanism, and applying his mind to the scopa 
of the instrument, with an endenvor to facilitate the use of it to those 
who might wish to employ it. He added to it two movable bowls, for 
| distinguishing مجعم ماما‎ two substances in composition: and intimated 
the possibility of We Sete gravities of metals being [marked] upon its 
beam, for reading and observation, relatively to any particular sort of 
water. But he failed to note the distances of spevitic gravities from the 
axis, by ports divided off and numbers: nor did he show any of the 
operations performed with them, except as the ahape of the balance 
implied them, It was he, too, who named it “the balance of wisdom,” 
5 He passed away, to meet the mercy of the Supreme God, before perfecting 
‘itand reducing all his views on the subject to writing. | 


Seet. 5. Forms and Shapes of the Water-balance. 


Sars ‘al- l, coming after all the above named,—Balances pad 
“in water are of three varieties of shape: 1. one with two bowls arranged 
in the ordinary way, called “the general simple balance"; to the beam 5 
of which are frequently added pare not numbers; 2. one with three 57 
bowls for the extreme ends, one of which js suspended below another, and 
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عيبت Ria! KL‏ وكان عر قبل الاسكندر قر نظ فيه مانالايس द‏ 
فيه Bb‏ كلية حسابية وله فيه رسالة وكان بعد الاسكتدر باريعياة سنة 
9 نظ فبه من المنأخرين فى ابام المامون سند بن على ويوحنا بن يوسف 
واحيد بن القصل المساح by‏ ابام السامانية تيد hess SHAT LSS opp‏ 
فيغ رساله ذكرعا فى كتاب. الاقق عشر وسماه الميزان الطبيى وق ايام الدولة 
الديلبية كان ينظر فيه ابن العيد.والفيلسوف ابن" سينا وجيزان رمم 
>~ علما = ay‏ يصنفا فيه تصنيفا وفئ ايام آل ناصم الديئ نظر فيه 
أبو الريكان 8 صل فيه نسب اجرام Olga)‏ والجواع واستخري ~+ 
Le‏ عن بعس حكما وعليا 9 سبكنا وتخليسا Gb‏ حسابية ومن PUP‏ 
य)‏ من Oth‏ فيه كفة REE‏ موديجة مع احدى اللفتين ~ BG;‏ 
مغدار شول احدى الكفتين فى ^ وسيلوا بتلك الويادة بعص التسهيل 
كم فى عذه الدوله Gs pyle‏ الله تعالى نظ فيه الامام أبو حقص pe‏ 


= 
a= 


دون مبزان معام وكان معاصره الامام أبو حاتم pall‏ بن اسمعيل > 


[himself] tho aught about the water-balance, and brought out certain uni- 
versal arithmetical methods to be applied to it: and there exists a treatise 
by him on the ا‎ It was then four hundred years after Alexander. 
Subsequently, in the days of MAmin, the water-balance was taken into 
consideration by the modern philosophers Sand Bin ‘Ali, YihannA Bin 
जा and ‘Ahmad Bin fal-Fadhl the surveyor; and in the days of the 
Siminide dynasty, by Muhammad Bin Zakariyé of Rai, who composed 
> treatise on ८ subject, which he speaks of in his Book of the Eleven, 
and ए this balance “the physical balance ;"\and in the days of the 
Dailamite dynasty, by ‘Thn 'al-'Amid and the philosopher ‘Ibn-Sind, both 
of whom distinguished [the components a a compound body scientifically 
and exactly, but com no work on subject; and in the days of 
the house of Nasir ' ग by ‘Abu-r-Raihin, who took observations on 
the relations of [different] metallic bodies and pests recious stones, one to 
another, as indicated by this balance, and carried his deductions so far as 
to distin 00 another fre compe sie ad scientific- 
ally ete | । melting or refining, by arithmetical methods, 

some one of the क 00 have been mentioned added to the 
balance 4 third bowl, connected with one of the two bowls, in order to 
ascertain the measure, in weight, of the rising of one of the two bowls in 
the water: and by that addition somewhat facilitated operations. Still 
later, under the victorious dynasty now reign st, BP may the Supreme 
God establish it!—the water-balance was taken نا‎ pby the eminent teacher 
‘Aba-Hafs "Umar ‘al-Khaiyiml, who verified what was said of it, and 
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على‎ ~~ SPN والمشاعدة وكذلك التى برعن عليبا.ق علوم‎ Ry al 
| مقدار الكفاية منيا أشارة ورمرا‎ 

10 adit Socal 
المتكلين فيد وطبقانيم واضتاف صور الموازد‎ cleat, فى ونع ميؤان الماء‎ 
للكباء الى‎ BS له فيه .اشكاليا وأسماييات. .كيل انه كان سيب‎ 





Vues] 





وضع هذا الميزان والداعى اليه و كتاب مانالاوس الى 3وماطيانوس» قال 
ايها الملك أن انارو ملك شقلية ات Lass‏ باكليل عظيم Od‏ اعدى اليه 
من oes‏ النواحى وان فينقن الصنعظ حكم प‏ عرض لابارون” أن 
139 الاكليل ليس يذغب Rab Ge Gall‏ 5( ات ST‏ 
all trend‏ من ذعب Reds‏ فاحب Kee‏ مقدار ما ad‏ من كل واحى متيها 
وكره كسر الاكليل لما كان عليه من اتقان الصنعة فسأل ذوى Sat all‏ 

عن ذلك فلم يوجد 3( احد لانت عنده العيلة فى ذلك آلا الارشبيدش 


)++( وكأرى لخ Brewer. ou! a‏ ~ ينبيا oh‏ يعلم ايارون 
الملك aS‏ فئ الاكليل من AMT‏ وكم قبد من A, Real‏ كابت على 


to other sciences, we shall call them up so far as may be necessary, in? 
the way of allusion and passing notice. 


Seet. 4, Jnstitution of the Water-balance - Names of those who hare 
“ *diseussed it, in the order of their succession: and Specific Forms of 
+ Balances used in Water, with their Shapes and Ni 


_ It ie said that the [ 1 لخد رمد‎ were first led to think of 
up this balatee, and ereto, by the book of Menelans سحاد‎ 
to Domitian, in which he says: “O King, there was brought one day ta 
 Hiero King of Sicily a crown of great price, presented to him on the 
part of several provinces, which was strong! and of solid work- 
manship. Now it occurred to Hiero that this crown was pot of pure - 
gold, but ed with some silver; so he inquired into the matter of 
crown, and clearly made out. that it was composed of gold and silver 
together. therefore wished to ascertain the proportion of each metal 
contained in it; while at the same time he was averse to breaking the 
crown, om account of its solid workmanship, So he questioned the geom- 
etricians and mechanicians on the sabject. But no one sufficiently skill 
ful was found among them, except Archimedes the geometrician, one of 
_ the courtiers of Hiero, Accordingly, he devised a piece of mechaniam 
which, by delicate contrivance, enabled him to inform king Hero how 
much hf and bow much silver was in the crown, while yet it retained 
itsform.” That was before the time of Alexander Afterwards, Menelaus 
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القصل الثالت‎ A 


فى مبادييا @ فنقول أن لكل صناعة مبادى يبتتى عليها ومصادرات 
المبادى والمصادرات الى ثلثة فنون 0 تكون حاصلة من اول 1 
والنشو ir‏ ادساس واحد أو احيراستات us Les ents ils t=‏ 
التى تسفى MUL‏ والعلوم العامية ^ التانى ان 1( RAP‏ 
فى علوم اخ والثالت ان oS‏ مستفادة عن Kl‏ والبراولة We,‏ 


Rae ५ 


والحابيعية ل جامعة من هقولتى كم وكيف وقد لانت لكل واحد من 
)= المبادى المذكورة فبالواجب صارت الاقسام الثلاثة من المبادى 
Se Ld xhele‏ يتم Led me‏ دون استحكاميا وبعصض العلوم المتعارقة why!‏ 
)= لما قد بلغت من وضوحيها الى حيت لا = الئ مصادرتها فى 
الكتب =( = نسلك غذا اللسلك فى بعصها الذى ^ يبلغ فى 
الوصو المبلغ الذى ذكرناه » عت tot‏ له Wily‏ المبادى all‏ حصل بعد 


Sec. 3. Fundamental Principles of the Art of Constructing this 
Balance, 


Every art, we say, has its fundamental Principles upon which it is 
based, and its preliminaries to rest upon, which one क © would discuss 
it must not be ignorant of. These fundamental principles and prelimi- 
naries cless themselves under three heads: 1. those which rise up [in the 
mind] from early childhood and youth, after one sensation or several 
senaations, spontaneously; which are called first eo lea, and common 
familiar perceptions: 2. demonstrated principles, belon gre to other 
departments of knowledge; 3. those which are obtained by experiment 
and elaborate contrivance. Now as this art which we Propose to investi- 
gate involves both geometrical and physical art, uniting as it does the 
consideration of quantity and quality ; and as to each of these two arts 
pertain series fundamental eae mentioned, it has itself, necessarily, 
such fundamental principles; so that one cannot possess 9 thorough 
वमोः of it, without being well grounded in them. But inasmuch 
४4, of the familiar perceptions relative to this art. are so perfectly 
evilent that it is useless to draw upon them in books, we leave them 
Olas nce يك دا‎ pursuing # different course in respect to certain first prinel- 

ctly evident, which we shall spenk of as there is occasion. 
erivative fundamental principles, reine by experiment 
and ocular proof, and likewise, as to demonstrated principles belonging 











1 لج وكيس 


 common—the foundation of the steelyard ; 2. as it implies a (वा 
000 that the weights of heavy bodies vary according to difference in rarity 


vague way, 


osophers, 


=+ اس‎ | भ r 
a = > Khan 
10 A, لتساك‎ 


ig 


ومسايل غريبة والسابعة هو छनन‏ وهو معرفة حقية Pip‏ 


2 كالياقوت واللعل والؤمرن, واللولو لانه لمتكم للف ببينها وبين اشبامها 
وملوناتها المغشوشة فيذه المعانى Likes‏ الى النظر فيه > TIS‏ 
بعون الله وحسيئ توفيقه 5 | 
Socal |‏ الثانى ।‏ 
فى اليدخل oad‏ وعذا الميوان العدل cine‏ على ८1)‏ اليندسية 
ومسنتبط من العلل الطبيعيّة من وجيين (न‏ مراكر الأتقال الذى 





[ओ 7‏ العلى. بابز 3 يد | tir‏ 
مو Jot‏ اقسام العلوم Kewl st‏ واشيفها ومو معرفة اوزان الاثقال BAST‏ 
الاتقال المختلفة pull‏ بتفاوت got‏ رطويات يغاص Ld‏ الموزون FS‏ 
وخثورا وعلييا مبنى ميزان لمية واشار القدماء الى التنبيه علييما اشارة 


على ما عو دأبهم فى दा‏ = واظهار LES‏ من ^ والعلوهر 


# النفيسة + (५‏ إن تجيع من هذا Gall‏ ما استغنذا من تصانيغهم Tele‏ 


يلونيس من ५‏ مشصيوها cell‏ م all pee a Poe. ete‏ وتوخيقد 


such as a hyacinth, or ruby, or emerald, or fine pearl: for it truly diserim- 


inates between these and their imitations, or similitudes in color, made 


to deceive. 
These views have led us to the consideration of the balance of wisdom, 


3 4 the composition of this book, with the help of God and His 


a Sec. 2, Theory of the Balance of Wisdom. 
This just balance is founded 


pas 4 धय upon geometrical demonstrations, and 
deduced from physical causes, in two points of view: 1, as it implies 
centres of gravity, which constitute the most elevated and noble depart- 
ment of the exact sciences, namely, the knowledge that the weights of 
to difference of distance from a 


heavy 


foundation of the balance of wisdom 


To these two principles the ancients directed attention in a 
ge abstruse, and to declara 


dark things, in relation to the ae philosophies and the precious scien- 
over useful १ (नन their works, pola the works of later P 


We have, therefore, seen fit to bring together, on this es whiat- 


we تأنه‎ in connection with those discoveries which our ¢ 
meditation, with the help of God aud His aid, has yielded. = 
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after their manner, which was to bring out. thing 
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pal ~~~‏ من مغشوشه Sle!‏ احاد منيا من غير pout Pg‏ 

عسي Aes!‏ يعرف يم فصل كرت A>!‏ الغلرين على = & = hat‏ استوى 
وزنيه Pes)‏ + وعاكببية ف اليهوا ع Li‏ استوى 5 3 ell}‏ المي كم 

بعضيا الى بعص من وزنهيا فيهما ولخامسة يعرف به جوع الشى الموزون 
السانسة إن 9 ८००५‏ ابعاد اتلفات عن العلاى Reed ١‏ مف Rite‏ حو السع 


يفك بعضيا من بعس يسيك ! 





وأمسعم [५‏ العش 5 الى ام 1 1 (च त‏ أشعاء Daa‏ باحسو — 
ॐ {+|‏ من غير Rial.‏ الصتحات ~ 1 st‏ الذى asi‏ ذأنم وين 


3. that it distinguishes pure metal from its counterfeit, each being 

nized by itself, without ony refining; 3. that it leads to a knowledge of 
the constituents of a metal y com mee of any two metals, without 
ion of one from another, either by melting, or refining, or change 

form, and that in the shortest time and with the least trouble: 4. that 

ru, tae mm weight of one of two metals over the other 

in water, when their weight in air is the same; and reversely, in air, when 
their weight in water is the same: and the relations of ona metal to an 
other in volume, dependent on the his of the two [compared] in the 
two median; 5. that it makes the substance of the thing weighed to 
be known by its weight—differing in this from other balances, for ther 
do not distinguish gold from stone, as being the two thin hed ; 
6. that, when one varies the distances of the bowls from na of 
nsion in a determined ratio, as, for example, in the ratio of impost 

to the value of the article changed therewith, or the ratio of seven to ten 
which subsists between dirhams and din&ra,* surprising things are ascer 
tained relative to values, without resort to counterpoises—{for instanoe,] 
essential substance is indicated, and the [mere] similitude of a thing: is 
decisively distinguished; and theorems relative to व and legal 
tenders and the mint, touching the variation of stand value, and 
certain theorems of curious interest, are made clear; 7. the gain above 
all others—that it enables one to know what is a इलाह precious sione, 


क ङे نه‎ = 





* Impost, السع‎ , in this passage, denotes the valuation in units of money of a 
unity of provisions of a given sort; and thia unity is the thing churged with the 
inmpost, المشعر‎ , Hence the relation of one to the other mast bo numerical, likw 





that between dirhams and dindirs, which ore प 01 
This explanation is derived from the second of the eighth lecture of our 
author's work, which is not of sufficient importance 
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abs a Gaal ماعظم الله شائد ونجم‎ opal ووكادة‎ mgt RS 
ل‎ 


والسيف تقال تعالى وانولنا. معيم التتاب والميوان لبقوم اننا بالقسظط 


sl,‏ = = فيه بس شديد فاذا الميران >> احد SY VST‏ الد 


بها يقومر العدل الكى بم قوام العام وبيذه المناسبة بن العدل oe‏ 
EE gt wit‏ وبما + أموزي. له نفى न)‏ عن MS‏ يوم الكين قال 
५५‏ افلا تظلم نفس شيا قمى اويل المبؤان بالقسط +~ اوقى خبيا كيرا 
وما يذنك الا أولى SLI‏ 
قصل 

Aled Sad $‏ ميان = ومنافعد © 45 بعد SS‏ الميؤان AN‏ 
ميزان Ketel‏ الذى اشنبطته الاقكار واكبلته التتجربذ والامتحان عظيم 
cual‏ نا قية من المنافع cal,‏ عن حذاى الصناع منيا الأول 4“ دقة الوزن 


يظير فيه تفاوت مثقال أو حبة وان كانت رنتد ببجبيع اعصايّه الف متقال 


it to such م‎ degree as to rank it with His Book and the sword, in the 
divine words : “and we have sent down, with them, the Book; and 
the balance; in order that men may do justiée ; and wo have sent down 
the cutting blade, which has exceeding force.”"* So, then, the balance 
ॐ ` ono of the three supports of that justice by which the world stands ; 
and justice is called “God's balance among His servants,” both on 
account of this relationship @ the balance thereto, and because it 
typi ifiea the justice of the last day, clear of all injustice in its sentence, 
which is signified by the words of the Supreme God: “shall not, then, 
a soul be wro aged ed at لله‎ "+ and “he to whom the balance with just 
measure shall be given, will have much ०० Jl done to him; and 1० 
are mindful thereof, save those who have wnrts.”"{ 


Sect, 1. Enumeration of the Advantages and Uses of the Balance of 
: Wisdom. : 


Says ‘al-Khasini, after speaking of the balance in general,—The hal- 
‘ance of wisdom is something worked out by human intelleet, and perfected 


by expe ie and trial, of great importance on account of its advantages, . 


and use it at lies the place of ingenious mechanicians. Among. 
these [advantages} are: 1. exactness in weighing: this balance shows 
variation to the extent of a mithkil, or of a grain, rang the entire 
weight is a thousand mithkAls, provided the maker has a delicate hand, 
attends to the minute detaila of the mechanism, and understands it; 





= Ror, bil 76, + Kur. xxi 46, with 3) for 3G 
+ Kur, 9. 273, altered. 
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الذى >¬ لشسان العدل Rem iy‏ الانساف. بين العامة والخاصة والحكم 
العدل ف قضيته الذى رصى بقضايه القعبل كل بر وناج ty ats‏ 
त ale!‏ خعيومنيم الحافظ =( النظام والعدل, بي 
تصقاتيم ,معاملائهم الذى جعله alll‏ قرينة قرانه ونظبها ى سلك امتنانة 
فقال تعالى اللد الذى. انزل lull‏ 1 االمنة بى وضع 
الميران مقرونة بالمنة فى رفع السهاء فقال عو وجل والسهاء Gad,‏ ووضع cole!‏ 
أن لا تطغوا فى الميزان «اقيبوا الوزن بالقسط ولا تخسروا الميؤان وقال الله 
تعالى وزنوأ بالقسطاس المستقيم .موق الحقيقة .نور من أنوار الله تعاتى 
افاضن على عباده من كمال عدله ليفصلوا به بين الحف والباضل والمستيقم 


1 Ec 
ابه والميؤان‎ ped النورما يظير بنفسه ~~ ويظي غيره‎ Ke والمايل لان‎ 
Nite tao استقامة‎ naa ts ai} ul, Bete Be يعرف‎ All مو‎ 
felicity, when attacked by doubts ind uncertainties: of whom is the jnst 
Si alluded to in the words of the Blessed + “the Sultin is the shadow 
of the Supreme God, upon His earth, the refuge of every one injured, 
and the ju ह; 3. the | balance, which is the tongue of justice, the 
article of mediation between the commonalty and the great; the erite- 
terion of just judgment, which with its final decision satisfies all the 
good and wicked, just-doof and doers of iniquity; the standard, by its 
rectitude, for the scttlement of inen’s altercations; the security of order 
and justice Mong men, in respect to things which are left to them and 
وا‎ to their disposal; made by God the associate of His Kurin, 
which He joins on to the pearl-strities of His beneficence, so. that 
the Supreme says: “God who hath sent down the Truc Book and the 
balanece,"* and connects the benefit of the institution of the balance 
with that of the raising of the heavens, in the divine words: “and as 


efor the heavens, He hath raised them; and He hath instituted the 


balance; transyress not respectin م‎ the balance, do justice in weighing, 
and diminish not with the balance.”} The Sn reme God also says: 
“weigh with an even rosa tng ४८ Indeed, the nce is one of the Su- 
preme God's lights, which He has. bountifally bestowed upon His serv- 
out of the perfection of His justice, in order that they may thereby 
कापा) between the true and the false, the mght and the wrong. 
For the essence of light is its being manifest of itself, and so seen, and 
that it makes other things manifest, and is thus seen by; while the 
balance is an instrament which, of itself, declares its-own evenness or 
deflection, and is the means of recognizing. the rectitude or deviation 
therefrom of other things, It is on account of the great power of the 
balance, and its binding authority, that God has magnified and exalted 
i ea i ee = 








* Kur 6.16. + ا‎ 6,79. + Kur, xvii $7 
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اسئبسككن بالعروة الوثقى ل انفصام ليا ولعناية Me,‏ الله تعالى Robe‏ 


مسالا whe‏ وتقويدهم علئ Re oad‏ اراد بارخ يبقى العدل ببتهم 
الى يوم ANT‏ بلا نهاية لا يتخلف jo awe‏ الازمئلاوالاحتقاب وعلم 
انهم طاليوا انقسهم باتباعيهم مواجب طباعيم والزميم كلبا#التقوى وكانوا 
احف بيا واعليا وحفظ pele‏ يشمول atl,‏ وسعة = تظام التخير 
بان بعث فيهم حكام عدل يحفطون عليهم العدل ولا يغترون وهم BMG‏ 
بحسب तञ last‏ تناب الله pall‏ الى لا ash‏ الباطل من بين 
يديه ولا من خلفه وهو القاتون الاغظم المرجوع اليه فى الفروع والاصدول 
والمككوم به بين الفاضل واليفصول ويتبعه سنة التبى ake‏ السلمر ‏ 
والثانى St‏ الميتدون "والعلناء الراسكون اليتتصبون- لعل الشبه 
ورقع. الشكوك oh‏ © نواب'الرسول Gaulle,‏ كل Py gigs poe‏ الحماة 
لحوزة الدين واليداة لاخلق الى سبل النجاه عتى'اعتراص الشكوك 
والشبهات Waal tell Gas‏ النشار اليد يقوله غليد السلم السلطان 


ole ad لم‎ Ll, البه !كل مظلوم‎ ९5५५ ى أرتنيد‎ os al} ظل‎ 
Justice is the support of both religion and the course of the world, 

and the stay of future os well os present felicity; so that whoever takes 
hold of it, or of one of its branches, takes hold of a strong handle to 
which there is no breaking. Furthermore, because the mercy of the 
= God intended to secure the rewards of virtue to His servants, 
॥ to establish them in the open way of His rectitude, He willed that 

justice should alsde among them to the last day, uninterrupted, and 
onimpaired by the lapse of times and ages. Knowing that men would 
injure one another by compliance with the requirements of their natural 
impulses, He gaye them selfcommand, as an inherent prerogative of 
their ta rhich they are naturally eapable of and fitted for—and, 
in corte ogra of His mercy, and the breadth of His compassion, has 
‘just judges, their never-failing securities for justice. Of these there are 
three, answering to the several divisions of justice: 1. the glorions 
Book of which, from beginning to end, is without any admixture 
of error, is the supreme canon, to which both legal rules and doctrinal 
principles refer back, the arbiter between the Supereminent and the 
subject creature, to which the tradition of the Blessed Prophet is the 
sequel 5 2, the poe leaders and established doctors, set up in order 
to the dissipation of uncertainties and the removab of doubts, who 
are the vicars of the Prophet, and his substitutes, in every age and 
time, who protect the way of religion, and guide men into the paths of 
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الاسنتقامة على ما قل اتعالئ وافسطوا.ان.اللد. يتخب النقشسطين .ول أن 
الذين دلوا ربنا الله ثر استقاموا اراده ‏ لاخير يم Rem अ‏ عليهم 
Mey‏ >+ التخليقة يورضى بينيم على الحقيقة حتى 5 يعب احد 
جس النحجاةوالا بجواز من الاستقامة فى العبل ولا يسكن احد حريم 
السعادة الا بتوقيع من العدل فى العلم والعدل فى العلم جو تحقق البعلوم 
على يجيه بط يقد مصونا عن وصية Che‏ والاشتباه والعدل فى hens‏ نوعان 
J‏ العمل >+ GUST Cah‏ ورعاية المساواة بيى. قوى. النفس 
والقيام عليها بحسن السياسة على :ما قبل اعدل الناس من انصسيف wie‏ 
من tls?‏ ومن mals‏ بثك النصفة ببى دونه وكف اذاه عى غيره حتى 
يأمن الناس GLU १‏ والمعاملة وى رءاية الانصاف بين نفسه ومعاملته 
في sls!‏ -حقوقهم واستيداءها منيم والغدل تو القوام لامر الدين والدنيا 
والركن لسعادة الآخرة والاولى sed‏ نيسك بد او بشعبة من شعيه AE‏ 


God has made the side-members of man's body in pairs, and its ‘middle 
members single; and ‘He calls men to pursue the paths of felicity by 
ad nates of justice, and adherence to uprightness, according to the 
livine words ; “and do justly—verily, Ged loves them who do justly," 
and again: “as for them who say ‘our Lord is God,’ and are upright 1 ~ 
wishing to مل‎ them good, and lavishing mercy upon them. God has 
even set up justice as the criterion of judgment’between His creatures, 
being content with og quity ; so that no one will pass the bridge of salva- 
tion without a certificate of uprightness in action, nor repose in the 
paradise of felicity without a diploma of justice in knowledge. 

Justice in knowledge is the verification of the object of knowledge in 
accordance with its scope, in the way a pp w?opriate to it, kept clear of 
the defect of doubt and uncertainty, Justice in action is two-fold - 
1. -selgovernment, which is the harmonizing of the natural endow- 
eee ए of equilibriam between the powers of the soul, 
and the bringing of them under beautiful control—agreeably to the 
saying: “the most just of men is he who lets-his reason arbitrate for 
his desire ;" and it is a part of the perfection of such a man that he 

enaes justice mmong those inferior to ‘himself, and wards off 





others | any injury which he has experienced, so that men are secure As 
12 nis doing evil; 2. control over others, which consists in the main 
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ea!‏ بينهما Le LS tly‏ به ينال Ot Red‏ أوبسبي يحاز قصب 
السبف 4 )> ولاعتلايه ذروة الكمال عرف اليارى aes Ma‏ الى 
خلس عباده باسم العدل وبنوره صار العلم مستوقبا اقسام الكمال والتمام 
ومستوليا على الامن الاقضى 2 النظام واليه الاشارة* بقولة عله السلم 
१५‏ امات ola‏ والارض ولما اخنص العدل Rel Ssh kes‏ 
والمنرلة السنية افاض alll‏ عليم خلع الرضاء وانحباة واحبه الى Gels‏ عباده 
Ble‏ > صار 331( الطباع ومطلوب النقوس (ना‏ متشوقة الى 
= ببجيود وسعهم GE‏ عاقهم عنه GE‏ أو صرفهم الى = 





يكجدون ف انفسهم 91 ale ag‏ ارا بحقيقته حتي أن الجايم ns‏ 
عدل غيره wl,‏ ~5( النفوس dis‏ عن كل ما كان ^ 4 ليس على 
نظام ~~~ ~~" = والعور plant,‏ 9 وللوقاء =^ ما جعل الله 
dled‏ أعضاء الاتسام fh Mest,‏ الأطراف ह ees)‏ ول bled)‏ واحدا 
>~ > قر >= بهم الى سلوك ~^ ।‏ لسعادة باستعبال العدل وملازمة 


course of the world, consista of perfect knowledge and assured action ; 
amd justice brings the two [requisites] together. It is the confluence of 
the two perfections of that virtue, the means of reaching the limits of all 
(greatness, and the cause of securing the prize® in all excellence. In order 
to place justice on the pinnacle re erection, the Supreme Creator made 
Himself known to the Choicest of His servants under the name of the 
dust; and it was by the light of justice that the world became complete 
and porfected, and was ei ae to perfect order—to which there & 
allusion in the words of the Blessed: “by justice were the heavens and 
‘the earth established ;”. and, 148; approprinted to justice this elevated 
tank and lofty place, God has lavished upon it the robes of complacency 
and love, and made it an object ‘of love to the hearts of all His servants ; 
ॐ that human nature is fond of it, and the souls of men vearn after it, 
antl be seen to covet the experience of it, UATE ध to 
secure it. If any thin F happens to divert men from it, or to incline 
them togts opposite, still they find within themselves a recognition of it 
and a confirmation of its real nature; so that the tyrant commends the 
justice of others. For this reason, also, one sees the souls of men 
pained at any composition of parts which is not symmetrical, and so 
abhorring lameness and blindness, and anguring ill therefrom, ~More- 
over, in order to the preservation of the empire of justice, the Supreme 


0 


* te) قسب‎ Le. reed of precedence, By this name is designated a lance 
— in the middle of a plain, where horse-races are held, and which the leader 
the race eeigea in passing. । 
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ANALYSIS AND EXTRACTS 


oF 
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BOOK OF THE BALANCE OF WISDOM, 
AN ARABIC WORK ON THE WATER-BALANCE, 
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Br tae Corvatizn BS. KHANIEOFF, 
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Presented to the Society October 29, 18577. 


[Ove correspondent having communicated hia paper to us in the 
French ها‎ कम्‌ 8, १0111 [41111 (८ the extracts in the original Arabic, 
.we have taken the sige Oh to put it into English, and have in fact re- 
` translated the extracts than give them through the meditim of the 
French version. M. Khanikoff’s own notes are printed on the pages to 
which they refer. To these we have added others,telating to the onginal 
text and its contents, which are disting nguished by-lotters and numerals, 
and will be found at the end of the article.—Comm. or Prat] 











THE scantiness of the data which we possess for ap. म. | 
the resulta arrived at by the ancient civilizations which preced 
that of 2 and Rome, renders ie me for स form 
any probable conjecture respecting the dave evelopment w our 

ए resent knowledge might have attained, if the tradition of the 
` discoveries made by the past in the domain of science had been 

_. transmitted without क tion, from generation to generation, 

down to the present time. But the history of the sciences عدم‎ 
` अतल to us, in my Opinion, an incontestable fact of deep signifi- 
| cance : 0 the rediscovery, namely, in modern times, of truths 

7 laboriously established of old; and this fact is of itself enougl 

to indicate the necessity of searching carefully in ae scientific 
heritage of the past after all that it may be able to furnish us 
for the increase of our actual knowledge; for a double discov- 
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the obscurity of exposition, of matters which, thanks to the pro- 
gress of science, have become for us elementary, and which, if 
presented im the little attractive form of the original text, would 
tend rather to conceal than to develop the interesting facts which 
it contains, | have decided to translate, in full, ny ‘the preface 
and introduction of the work, its exposition of the principles 
of centres of gravity, and its researches into the specific gravi- 
ties of metals, precious econ hee liquids, and to limit myself, 
beyond this, to citing the words of the author as pieces justifica- 
fives, to show whether I have fully apprehended the sense of his 
reasonings. | 

1 have had at my disposal only a single manuscript copy of 
this work, which moreover lacks a faw leaves in the middle and 
at the end, so that it has been impossible to determine its age: 
to judge from the paren taphy, however, it is quite ancient, and 
the absence of dincritica ales ints sufficiently indicates that it is a 
work of the scribes of Ispahan, who have the bad habit of omit- 
ting these points, 50 essential to the correct reading of oriental 
texts. The ori of each extract, whether longe शः or shorter, 
will be found accompanying its translation. It only remains for 
me to me that 1 have been scrupulous to render as faithfully 
as possible the text of 1 author, wherever I have cited from 
him; in the cases where I have had to fill out the ellipses so 
common in Arabic, 1 have marked the words added by placing 
them in brackets, 

The work commences thus: 


بسم alll‏ الإحمى = 
sly‏ اله الذى لا اله الا >+ ~ >( العدل والصلوة على جميع alert‏ 
ورسلةٌ الذي notes‏ الى sole‏ للعدل aes,‏ نبينا est‏ الصلفى = 
الله عليد lity ally‏ بالشريعنة السمحة Mall‏ ويعد فان العخل نظام 
الفصايل جيل iy‏ اخيرات اجيع لأن الفصيلة التامة 9 RSS‏ وى ' 
قشقى العلم والعمل slats‏ الجن LM,‏ علم تام وفعل محتكم والعدل 


[ण the name of God, the Compassionate, the Merciful,” 


. Praise be to G beside whom there is no deity, the Wise, the True, 
the Just! and may the blessing 5f God rest upon all His prophets and 
mmnbassadors, whom He عمط‎ sent to His servants in order to justice, 
singhing out our Prophet Muhammad, the Elect, to be the bearer of the 
law mild in Tighteousness ! र 

Now, then, to our subject. Justice is the: stay of all virtues, and the 
support 0 all وزعت ]مجع‎ For perfect virtue, which is wisdom in its 
two parts, knowledge and action, and in its two aspects, religion and the 
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ery, الس‎ eta uiring a double effort of human intellect, is . 
an evident waste of that creative force which causes the advance 
of humanity in the glorious path of civilization. 3 Modern orien- 
talists are beginning to feel deeply the justice and the importance 
of the counsel Bt iven them by the "0 of the Mécanique Ce- 
leste, who, m his Compendium of the History of Astronomy, 
persuading them to extract from the numerous oriental 
urge | ह reserved in our libraries whatever they contain 
that is of 8106 to this science, remarks that “the grand yaria- 
tions in the theory of the system of the world are not less inter- 
esting than the revolutions of nae ires =” and the labors of MM. 
( stanisias Julien, Am, Sédillot, Woepeke, Bochart, Spren- 
gel, el, Moreley, Dorn, Clément-Mullet, and others, have enriched 
with a mass of new and instructive fucts our knowledge re- 
spécting the state of the sciences in the Orient. Notwithstand- 
ing this, however, it must be granted that M. Clément-Mullet 
was perfectly justified in saying, as he has done in an article on 
the Arwchnids, published in the Journal Asiatiqne,® that re- 
searches into the physical sciences of the Orientals have been 
ey , or almost entirely, neglected; and it is only necessary 
to read the eloquent pages in which the author of the Cosmos 
estimates the influence of the “Arab element upon ashy sau i 
lization, to be convineed of the scantiness of our information 
as to the condition of physical science among the Arabs; for 
that illustrious representative of modern civilization, after hav- 
ing shown that the Arabs had raised themselves to the third step. 
in the progressive knowledge of physical facts, a step entirely: 
nnknown to the ancients, that, ग of experimentation, con- 
cludes that,+ ‘ss instances of the progress which physical इल. 
ence owes to the Arabs, one can only mention the labors of 
AAlhazen respecting the refraction of light, derived perhaps in 
part from the Optics of Ptolemy, and the discovery and first 
' application of the pendulum asa measure of time, by the great 
matronomer Kbn-Y unis.” 

All this leads me to suppose that men of science will’be inter- 
ested to have their attention called to a work of the twelfth cen- 
ty , Written in Arabic, which treats exclusively of the balance, 
md of the results arrived at by the help of that instrument, 
which has given to modern science so many beautiful discoveries 
1 hesitated for some time whether to offer a pure and simple 
translation of this wie or a detailed analysis of its contents, 
presenting in fall only t 0) issages which contain remarkable 
matter, worthy of bemg cited, Finally, taking into considera- 
tion the numerous repetitions, the superfluity of detail, and even 
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